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NO TIME OF YEAR FOR TB. 
Is there ever a right time? Of 


course not. But Christmas, 


more than any other season, 


should be a time of glowing 


good spirits, health and hap- 


piness. In the fight against 


TB, it can at least be a time 
of hope—when millions of 
healthy Americans take an 


extra moment to help with — 
each Ghristmas Seal they use. 


Give that spark of hope — 


—and the needed help—by 


using Christmas Seals. What — 


could be more fitting for a 


season of good will to men? 


* Answer your Christmas 
Seal letter today. oe 
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From the Editor’ 


Opinions and Rambling Thoughts 


For Hi-Fi Addicts 


From Ling-Altec Electronics Inc. 
in California comes word that bat- 
teries of 15-foot loudspeakers may 
soon be warning ships as far as five 
miles out to sea of hidden dangers to 


SPEECH AND 


navigation—both fog tone signals and 
spoken messages can be broadcast. 
We have a friend down the street who 
feels that hi-fi listening quality is in 
direct proportion to sound volume . . . 
here’s hoping he doesn’t read about 
these loudspeakers. 


World-Wide Insulation Report 


Another of Jnsulation’s ambitious 
editorial programs, a world-wide in- 
sulation report, appears in this issue. 
Insulation experts from many coun- 
tries have prepared articles on a 
variety of interesting subjects for this 
issue. Be sure to read all these ex- 
cellent articles—they will give you a 
picture of insulation progress through- 
out the world. 


Conference Section 


The yellow insert sheet in this issue 
marks the beginning of a special sec- 
tion devoted entirely to the 3rd Na- 
tional Conference on the Application 
of Electrical Insulation being held 
December 5-8 at the Conrad Hilton 
Hotel in Chicago. 

The conference section includes 
complete program information—meet- 
ing times, locations, and subjects for 
all sessions and functions. A plan of 
the third floor where all technical 
sessions will be held and a plan of the 
exhibition hall are included. Details 
on the Golden Omega award presenta- 
tion to Dr. Mervin Kelly and the 
Unity of Action Banquet are pro- 


vided. There is also information om 
points of interest in Chicago, high} 
lights of the conference, and a report 
on the marketers’ meeting. Plans for 
the AIEE luncheon and NEMA din; 
ner are also covered. Another feature 
shows the committee workers who con- 
tributed so much to the success of th 
conference. In addition, there is 
complete listing of all exhibitors wit! 


products to be featured. In this con- 
nection, be sure to visit Insulation in 
booth No. 48. We’d like the oppor- 
tunity to greet new and old friends. 

As you can see, this section is 4 
complete guide to every event at the 
conference. Those attending the meet- 
ing will find it convenient to keep this: 
issue with them at all times for refer- 
ence purposes. Extra copies of Jnsula- 
tion will be available without charge 


at the conference. 
A Record Issue and Year 


This is a record-breaking issue of 
Insulation—it is bigger than any pre- 
vious issue in number of pages and 
advertising volume. It also marks the> 
end of our most successful year which} 
was marked by a very healthy in-- 
crease over 1959. Since its inception, | 
Insulation has consistently broken) 
records .. . and we'll be upset if more : 
aren't broken next year. There are: 
reasons beyond the magazine staff | 
which account for this growth—first, , 
the industry is growing and maturing; 
as evidenced by the increasingly suc-- 
cessful electrical insulation confer-. 
ence. Second, the readers find Jnsula- - 
tion interesting and thus make it an) 
effective advertising medium. Third, , 
the insulation suppliers realize this: 
and use advertising in Insulation on \ 
an increasing scale to reach the in-: 
sulation users. Thus, our sincere: 
thanks to the readers and advertisers : 
for our growth. 


Merry and Fruitful 


The staff of Insulation wishes every: 
reader a very merry and_ thankful 
Christmas and a fruitful New Year 
filled with hope, success, and peace. 


Now 


Flex point extended to insulation 
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HIGH-STRENGTH + SEMI-RIGID SLEEVING 


CRN is a new irradiated Thermofit insulation sleeving 
designed for maximum mechanical strength at stress or 
connection points. As with other Thermofit products, the 
sleeving diameter may be reduced 50% upon the applica- 
tion of heat in excess of 275°F for a few seconds. It does 
not cold flow or melt and retains form stability at any tem- 
perature. It is available in eight standard color-coded sizes. 


CRN 


A [ew] PLASTIC MEMORY PRODUCT OF 
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OAKSIDE AT NORTHSIDE * REDWOOD CITY, CALIFORNIA «+ EMERSON 9-3376 


Print Ins. 5 on Reader Service Card 
Insulation, December, 1960 


News and Views 


Resistor Compositions with 
Varied Resistance Values 


Du Pont has announced new resistor compositions 
available in three resistance values (500, 3500, and 10,000 
ohms per square per mil thick film) which can be 
blended to obtain intermediate values. Applied to ceramic 
dielectric bases by ordinary dip, brush, or stencil screen 
techniques, the composition is fired to obtain a durable 
surface. Miniaturized circuitry applications are expected. 
Resistance values reportedly show excellent stability under 
varying conditions of humidity, temperature, overload, 
and voltage. See the New Products section for more 
details. 


Tiny Polycarbonate Machined Coil Form 


A coil form only 0.725-inch long with 0.325-inch diam- 
eter flanges of 0.100-inch thickness is one of the tiniest 
plastic electrical components ever machined on a produc- 
tion line basis with automatic lathe equipment. Machined 
from 14-inch rod by Grimes Mfg. Co., it replaces a 


machined metal form which had to be coated for elec- 
trical insulation and corrosion resistance purposes. The 


component is used in a solenoid safety switch on a warn- 
ing light circuit for jet aircraft. Polycarbonate resin 
produced by Mobay Products Co. is used for the extruded 
rod stock. 


Flame and Heat Resistant 
Coatings for Plastics 


Continental-Diamond Fibre Corp. has announced suc- 
cessful experiments demonstrating that a group of flame 
und heat resistant coatings can be bonded to and are 
-“ompatible with many grades of plastic sheets, tubes, and 
molded shapes. The air drying coatings can be applied 
More infor- 


»y ordinary brush and spray techniques. 
nation in New Products section. 


90,000 Volt Gas-Filled Capacitors 


Sulfur hexafluoride filled capacitors, rated 650 kv, re- 


ported to be the highest voltage gas-filled capacitors ever 
built‘ for outdoor use have recently been installed by 
General Electric. The three units, weighing 4.5 tons each 
and measuring 19 feet in height, have been designed for 
operating voltages as high as 750 kv and will withstand 
lightning surges up to 2,050 kv. 


FEP Film Cementable 
With Common Adheswe 


Another new product development of Du Pont is a 
“Teflon” FEP-fluorocarbon film, one side of which is 
cementable with common adhesives. Previously, the only 
way to obtain an adhesive receptive surface was by treat- 
ment with alkali metals in organic media. The new ce- 
mentable type of film is being offered in developmental 
quantities at a premium over the standard film. It is 
expected to be used in pressure-sensitive tapes and for 
wire and cable to provide a printable or “pottable” sur- 


face, as well as other electrical applications. 


Statistical Life- Testing 
Procedures Robust? 


The National Bureau of Standards has been evaluating 
the robustness of acceptance sampling procedures used in 
Procedures which can be used 
effectively when some of the underlying mathematical 


life testing experiments. 


assumptions are not satisfied are termed robust. The 
study investigated the consequences of applying accept- 
ance sampling procedures which assume an exponential 
failure law when actually the failure law is the Weibull 
distribution. It was found that these widely used statistical 
techniques are very sensitive to departures from initial 
assumptions. 


Business Conditions Ahead 


Some industry pundits are guardedly pointing to a 
quickening pace in some business areas to substantiate 
opinions that business isn’t nearly as bad as some would 
have us believe. However, the attitude of most self-styled 
experts leans to the pessimistic side for the immediate fu- 
ture and very few of them will venture to define the present 
“adjustment” period . . . it seems that after their wrong 
appraisals of a few years ago, they are not inclined to 
stick their necks out again. As a result of numerous dis- 
cussions with businessmen throughout the country, Insu- 
lation’s editors think that business conditions will be much 
better ... very soon. Part of the reason why a full-fledged 
recession did not and will not develop is that company 
officers made necessary cut-hacks and increased marketing 
efforts at the first signs of a downturn earlier in the year— 
thus the “too late”, more drastic cuts were avoided and 
any spiralling effect was blunted and stopped dead. 
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Insulating Parts Molded of 


@) 


Premitx Compound: 


FLAME RESISTANT AND 


Unique! RESISTRAC molding com- 
pounds possess a heretofore unobtainable com- 
bination of properties: High track resistance 
plus arc-suppressing action. Flame resistance 
and self-extinguishing within 30 seconds after 
flame source is removed. Toughness due to 
fiber glass reinforcement. Close dimensional 
control in the molded part plus dimensional 
stability under service conditions. 


Exclusive 
Glastic RESISTRAC molding 
compound is the only alumina- 
filled compound available 
carrying with it license to 
apply as covered in U. S. 
Patent 2,768,264. 


Costs for parts molded of RESISTRAC are 
competitive with those for conventional rein- 
forced plastic. And full design utilization of 
RESISTRAC’s properties could lead to higher 
apparatus ratings. 

RESISTRAC may be evaluated in your pres- 
ent molds. Please outline your requirements; 
we'll promptly supply technical data and 
appropriate trial molding samples. 


THE GLASTIC corRPORATION 


Glenridge at Green ° 
See RESISTRAC demonstrated at the Insulation Conference, Dec. 5-8. 


Cleveland 21, Ohio 
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This regular monthly feature is 
built around a timely question con- 
cerning the electrical insulation field. 
Your suggestions for future questions 
and participation are invited. This 
month’s question is: 

What 


electrical/electronic 


improvements in existing 
insulating ma- 
terials or what new material develop- 
ments would you like to see made in 


the near future? 


V. E. Culler 


4 


Research Associate, Physics, Indus- 
> y , 


BALSBAUGH | 


ELECTRICAL 
MEASURING 
INSTRUMENTS 


" ELECTRODE 
SYSTEMS 


* MEASURE dielectric constant, 
power factor, conductivity on any 
electrical insulating material — 
liquid, solid or fibrous. 


* OVER 25 models available to meet 
all measurement and environmental 
requirements — 2 or 3 terminal, 
corrosive conditions, high temper- 
ature, high voltage and many more. 


Catalog sent promptly on request. 


BALSBAUGH LABORATORIES 


Duxbury Massachusetts 
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Insulation Forum 


trial Reactor Laboratories, Corning 
Glass Works, Plainsboro, N.Y. 

“A knowledge of the effects of high 
energy radiation on insulating ma- 
terials has become extremely desir- 
able, both from the standpoint of 
insulation applications and from the 
standpoint of pure science. As part of 
a general study of radiation effects on 


lo) 


lasses and glass-ceramics, we are 


fo) 


studying 


af 


electrical resistivities of 
glasses under gamma-radiation. 

“The measurement technique is 
made complex by ionization of the 
air surrounding the samples, which 
literally creates an ambient that is an 
electrical conductor. Imagine try- 
ing to measure the resistance of a 
hundred-ohm resistor imbedded in 
copper! We have to take special care 
to prevent air paths or short circuits 
from bridging a sample. 

“Samples can be shaped to mini- 
mize or even eliminate such paths. 
For instance, a closed cylindrical shell 
can be used. However, there must be 
leads connecting the sample to meas- 
uring equipment, and the equipment 
must be in an area free of radiation. 
Leakage paths between leads cannot 
be permitted. 

“Tdeally, the leads could be im- 
mersed in a liquid insulator and led 
back through a radiation shielding 
wall to the measuring equipment. In 
actual practice we have been unable 
to find liquids of sufficiently high 
1014 


ohm/cm) to do this. The use of wax 


electrical resistivity (about 
such as ceresin is inconvenient since 
concealed air paths show up as short 
circuits only after irradiation has 
started. Liquid insulators could not 
have such paths. 

“Thus, in the near future, I would 
like very much to see even sample 
amounts of liquid insulators that ex- 
hibit electrical resistivities three to 
four decades higher than those pres- 
ently available. | would prefer that 
these liquids be stable under irradia- 


tion, but this is not a necessity.” 
John A. Strom 


Senior Member, Technical Staff, Ra- 
dio Corp. of America, Burlington, 
Mass. 

“The past decade has seen great 
developments by industry. Particu- 
larly impressive is the amount of re- 
search applied to new products and 
applications. 

“We in the electronics industry are 
always waiting, ready to apply to our 
products the latest technological im- 
provements in materials. 

“We are presently looking for di- 
electrics of improved thermal stability, 
films with increased thermal conduc- 
tion, and, in the area of printed cir- 
cuits, rigid but machinable substrates. 

“Many of the structural functions 
reserved formerly for metals are be- 
ing replaced by high strength plastics. 
I believe our national economy will 
remain in a healthy competitive posi- 
tion because of this continuing 
effort to improve and apply.” 


R. C. Starkey 


Senior Design Engineer, High Tem- 
perature Electrical R & D, North 
American Aviation Inc., Los Angeles. 
“Temperatures of 800°F to 1200°F 
are becoming commonplace in air- 
craft, and space vehicles. 
These contain equipment 
that must be interconnected by elec- 
trical wire. The needed wire must 
withstand the high ambient tempera- 
tures plus the heat generated by the 
power loss in the conductor. 
“Present insulations, including the 
exotic materials developed in the past 


missiles. 
vehicles 


A NEW CLASS B INSULATION 
HAS RESILIENT WEAVE AND 

HIGH DIELECTRIC STRENGTH 
UNDER STRETCH 


Natvar Teraglas is a new flexible insulating material com- 
prising a base fabric, woven from polyester (polyethylene 
terephthalate, or “Dacron’’) warp yarns and continuous 
filament glass filler yarns, coated w ith an improved varnish, 
possessing exceptional dielectric strength under Ronen 
It will withstand Class B (130° CH) operating temperatures. 


In view of the higher dielectric strength of Natvar 
‘Teraglas compared to bias varnished cambric, thinner 
sections or fewer layers may be used to provide the volt- 
age breakdown protection desired. Consequently, at com- 
parable tape prices, a significant saving may he realized 


in production costs, while permitting up-grading to Class 
B (130°C) temperatures. 


Natvar Teraglas is available in .008”, .010”, .012” and 
.015” thicknesses—in tapes, in full width rolls (36”), 
in sheets. Ask for Data Sheet and Samples. 


TYPICAL DATA 
Physical Properties: 008” .0107 .012” .015” @ Electrical Properties: -008” .010” .012” .015” 


Approx. weight | Elec. Breakdown Strength 

Ibs./sq. yd. 0.43 0.54 0.62 0.77 (C48-23-50 V/M) 1600 1600 1600 1600 
Breaking Strength Warp 45 45 45 45 Elec. Breakdown Strength 

ana ee sabe a Sere ee re rosie I (Under 6% stretch) 1600 1600 1600 1500 
ear Streng ‘arp + + 

grams ’ Filler 1000-+ 1000+ 1000+ 1000+ j Elec. Breakdown Strength 


9 
Elongation, % (Under 12% stretch) 1500 1450 1450 1300 


(Under 25 Ibs./in. width Power Factor, %, at 80° 

—3 minutes) 95 7.5 7.5 7.0 W& C-50V/M-60c.p.s. 22 25 25 3.0 

Natvar Products 
LOAD-ELONGATION CHARACTERISTICS FOR NATVAR BLACK TERAGLAS Varnished cambric—sheet and tape 


Varnished canvas and duck—sheet 
D. .010” Black Teraglas j } and tape 
E. .010” Black Varnished Bias Cotton Tape Varnished silk and special rayon— 
sheet and tape 
Varnished papers—rope and kraft— 
sheet and tape 
Varnished, silicone varnished and 
silicone rubber coated Fiberglas*— 
sheet and tape 
Slot cell combinations, Aboglas® 
ze : Teraglas® 
Isoglas® sheet and tape 
Isolastane® sheet, tape, tubing and 
sleeving 
Vinyl coated and silicone rubber 
coated Fiberglas tubing and sleeving 


©@ Extruded vinyl tubing and tape 
ST © Styroflex® flexible polystyrene tape 
@ C re) R Pp Oo R AT j ON © Extruded identification markers 
*TM (Reg. U.S. Pat. Off.) OCF Corp. 
f : / Wewill be very happy to supply information 
FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATI : on any of our products on request, 


Telephone TWX Cable Address 
FULTON 8-8800 RAHWAY, N.J., RAH 1134 NATVAR: RAHWAY, Nig 


239 RANDOLPH AVENUE e WOODBRIDGE, NEW J 


30 125 


A. .010” Black Teraglas Tape 

B. .010” Black Varnished Bias Cotton Tape 

C. .010” Black Varnished Straight Cotton Tape ,¢ 
¢ 


100 


is 
i) 


75 


ELONGATION PERCENT 
S 


g 0 10 20 30 40 50 


Load—Pounds Per Inch Width (At One Inch Per Minute Elongation Rate) 


0 5 10 15 
Percent Elongation 


PERCENT OF UNSTRESSED DIELECTRIC BREAKDOWN 
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several years, have one or more vital 
weaknesses. The most promising in- 
sulations are either porous or inflex- 
ible. Either reduces the 
insulating properties or the insulation 
cracks and spalls off when the wire 
is bent. 


moisture 


“Only one insulation system is 
available today that can be used. This 
is known as “MgO wire.” However, 
in addition to being stiff and difficult 
to install, it is very hygroscopic and 
must be hermetically sealed to the 
equipment. 

“All known, flexible inorganic in- 
sulations have virtually no dielectric 
strength when wetted with salt-laden 
moisture. Glaze-type coatings or im- 
pregnants that resist moisture are so 
inflexible they cannot be bent sharper 
than 200 times the wire diameter. 

“In short, an insulation is needed 
like PVC, nylon, “Teflon,” etc., that 
will last for long periods (500 hours) 
at temperatures over 750°F. In addi- 
tion to temperature stability, flex- 
ibility, and moisture resistance, it 
should have the following characteris- 


tics: 
1) Dielectric strength of 200 volts/ 
mil, minimum at high tempera- 


ture. 
2) Capable of 20 O.D. bends, maxi- 
mum. Hs 


3) Insulation resistance of 1.5 meg- 
ohms per 50 ft. of wire. 

4) Resistance to thermal shock of 
150°F /minute. 

5) Flexible at —65°F. 

6) Resistance to new exotic fluids. 

7) Abrasion resistance if possible. 

8) Corona resistance at 150,000 ft. 

9) Carbon-track resistance. 

10) Fatigue resistance. 

11) Ozone resistance. 

12) Fungus resistance. 

“Without 

progress of electrical systems will be 

impeded and new flight vehicles will 


such an insulation, the 


be penalized.” 


Loren B. Griffith 


Chief Engineer, New York Coil Co. 
Inc., Phoenixville, Pa. 

“The present demand for smaller 
and more compact units and compo- 


CHR 


RUBBER 
TAPE 


THE CONNECTICUT HARD RUBBER CO 


NEW HAVEN 


CONNECTICUT 
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nents along with increasingly higher 
voltage requirements has occasionally 
created some problems for us in the 
manufacture of transformers and coil 
windings. While some of the newer 
types of films have good insulation 
characteristics, we would like to see 
available at a reasonable cost plastic 
film or other types of insulating sheets 
with a much higher dielectric per 
mil of insulation thickness, and which 
would also provide less corona leak- 
age. In addition, we would also like 
to see higher dielectric characteristics 
in impregnating and encapsulating 
resins, particularly in epoxies, than 
those now commercially available.” 


J.M. Schiller 


Component Development, Radio Corp. 
of America, Somerville, N.J. 

“The material requirements of the 
electrical industry as compared to 
other industries, such as toy, main- 
tenance, or novelties, that consume 
large quantities of coatings, resins, 
and plastics are far more stringent 
and exacting. As examples, military 
electronic applications require a prod- 
uct to possess stability over broad 
ranges of temperature and humidity, 
predictable dielectric constants and 
loss factors over broad frequency 
ranges, high insulation resistance at 
operating temperatures, tracking re- 
sistance, dimensional stability, me- 
strength, reliability, and 
many other rigid properties specified 
by the various military and other 
agencies. 

“To satisfy these needs, and to 
compete for a share of this tremen- 
dous (if not exasperating) market, 
vendors have responded with an end- 
less array of products, literally a flow 
of obsolescence. Each improved prod- 
uct, so the advertisements state, pos- 
sesses superior properties. With the 
number of products currently being 
marketed, it would take sizeable 
laboratory facilities to properly evalu- 
ate those products considered to have 


chanical 


a flexible 
epoxy resin 


Now you can quickly and easily encapsulate and 
impregnate your transformers, motors and coils, 
getting the flexibility and penetration you need 
and want with Dolphon CB-1054 epoxy resin. 


This “easy-to-apply” general purpose resin, 
which meets the requirements of MIL-T-27 for 
class B insulation, has excellent flexibility and 
extremely low viscosity. It provides a quick cure 
at moderate temperatures and has an extended 
pot life of four to six weeks. 


CB-1054 is a two-part resin that is mixed by one 
to one weight ratio. Both parts are very stable 
and completely deaerated. 


You will find CB-1054 competitively priced 
with other resins not having these product 
advantages! 


CHARACTERISTICS 


CURE VISCOSITIES & POT LIFE 


SPECIAL OFFER 


A 2 lb. sample of CB-1054 (1 lb. each of parts A 
and B) is available to you at the low trial sample 
price of $3.50. Send for yours today. 


JOHN C. DOLPH COMPANY 


INSULATING VARNISH SPECIALISTS 
MONMOUTH JUNCTION, NEW JERSEY 


Licensees: England: The Walpamur Co. Ltd., Darwen, Lancashire @ Italy: 
Societa Albesiano, Moncalieri (Torino) ¢ Canada: Crown Diamond Paint Co. 
Ltd., Montreal @ Chile: Sociedad Quimica Nacional ‘‘Soquina’’, Santiago 
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the specifications desired. Oftentimes 
we find, 
lengthy testing, that these products 


after shake-down or more 


do not live up to their stated claims. 
Other materials users, without ade- 
quate facilities for testing, select ma- 
terials after considering the vendors 
data and claims, a most perilous path 
to follow these days, unfortunately. 
“It appears that industry today 
feels impelled to improve existing ma- 
terials by replacing them. In actual- 
ity, we have a good deal to learn 
about the materials currently being 
marketed. Vendors must learn to re- 
port reliable, meaningful test data; 
they must develop techniques to make 
their products uniform and depend- 
able; they must seek to reduce or 
eliminate those impurities that hasten 
or cause deterioration; they must 
give greater consideration to fiber or 
filler materials and their treatment; 
they must insist on uniform raw ma- 
terials and develop dependable proc- 
esses of manufacture; and they must 
mature beyond being peddlers into 


sound, trustworthy suppliers who 


thoroughly understand and accept 
the realities of their products, be they 
good or undesirable. 

“It is recognized that stability and 
degradation are at opposite sides of 
the scale and that the stability of 
polymers to environmental and elec- 
trical energies influences this balance. 
Chain scission, cross-linking, modifi- 
cation of side groups of the polymers. 
and cyclization—each of these degra- 
dation reactions affect the perform- 
ance and life of a material. With this 
knowledge, improved test methods. 
and expanding technology, causes of 
failure can be more readily inter- 
preted and more meaningful data 
accumulated. A more comprehen- 
sive knowledge of existing materials 
should be sought, and with this tech- 
nical and performance data, selection 
of proven materials made. 

“To bring about increased uni- 
formity, controls, and standardiza- 
tion, test methods and standards are 
being steadily developed by such 
agencies as ASTM Committee D-20 


on plastics and Committee D-9 on 


le ct an 


electrical insulating materials, NEMA, 
and others including the government 
agencies. 

“It*is essential that test methods 
become universally adopted so that a 
common denominator can be used to 
compare data obtained in conform- 
ance with specified conditions and 
procedures. 

“Standardization, considered in all 
its ramifications, is unquestionably 
an essential tool toward improving 
existing materials. Usage analysis, in 
addition to test data, will provide 
the historical background essential to 
proper use of existing materials. All 
inroads toward understanding the 
limitations of materials, allowing for 
engineering safety factors, will en- 
hance reliability and life expectancy. 

“There is presently a need for de- 
pendable materials capable of con- 
tinuous operation at 200° to 300°C 
and intermittent use to 500°C that 
can be readily processed and that 
provide the requisite physical, elec- 
trical, and environmental properties. 
Materials with improved resistance to 
radiation would enhance our efforts 
to engineer insulated products for our 
space programs. Aging characteristics 
of plastics need up-grading, and per- 
haps materials designed for specific 
conditions of exposure would extend 
the life expectancy of materials. 

“I should like to see powdered plas- 
tics for the fluidized bed process that 
can be processed at 100°C, or pellet- 
ized for use in transfer molding. Sili- 
cone resins that cure at 100°C, have 
low vapor transmission rates, and 
possess thermal and electrical proper- 
ties equivalent to those cured at 150- 


VAILABLE No. 112 HEAT CLEANED — 


: 200°C would find a waiti k 
14-139 “VOLAN” FINISHED TAPES (alumsel 


6e = 
The polyaluminoxane (aluminum- 


‘PL STIC REINFORCEMENT oxygen backbone with organics as 


RUSCO Colored Center Stripe Tape __ the limb constituents) , phosphinobo- 
for identification. (any color) rines_ (phosphorus-boron bred with 
organic linkages), and the semi- 
organic derivatives of siloxyanylfer- 
rocenes, and other hybrid polymers 
are of interest and should open new 
avenues toward obtaining new prod- 
ucts for the foreseeable future. 
“With a view to the future, it is 
© ate essential that we do not obsolete ma- 
Seiad: terials of today before they are thor- 
oughly evaluated and 
potential exhausted.” 


RUSCO “Leno Weave” Tape 
for motor windin 
. using silicone rubbe 
RUSCO ENGINEERED FIBERGLIAS** | 
FABRICS SINCE 1938 ‘ 
*OWENS CORNING FIBERGLAS CORP. 


a RUSCOK 


THE RUSSELL MANUFACTURING COMPANY oe wrsiree 


Diamond 6-7721 MIDDLETOWN, CONN. 


their use 
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ACHUS. 
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CANTON 


RKS PERFECTLY UNDER THE 
WEATHER CONDITIONS! 


VERE COLD- 
QUALITY SINCE 1896 


PLYMOUTH RUBBER COMPANY, INC 
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SOLD ONLY 
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SILICONE NEWS from Dow Corning 


COMPLETED STATOR 


ae 


New, Easy-to-Use Silicone Encapsulant sy Processing Applying the protec: 


tion is easy and time-saving. Here’s all 
Beats Heat, Cold, Moisture, Abrasives you do—l. paint end turns and lamina- 
tion surfaces with primer; 2. put simple, 
easily constructed forms in place; 3. pour 


Encapsulating motor end turns with Silastic® RTV, the Dow Corning catalyzed Silastic RTV over coil end turns 


liquid silicone rubber, produces a clean-cut protective jacket that inspires “Ty ops all aheve ie tante Thennelded jacks 
customer confidence. This confidence is not misplaced .. . the protection ; ; 

3 : : cures at room temperature. | 
is just as effective as the encapsulation suggests. | 


Available in Kits | 


Handy kits containing everything you need 
for encapsulating motor end turns are 
available from the Authorized Distributor 
of Dow Corning 

silicone materials in 
your area. Contact 
When cured, the silicone rubber jacket expands and contracts with him today. He sup- 
windings and laminations .. . will not hairline crack. plies quality silicone 


materials that offer 
For All Motors Equally suitable for Class A, B, F, or H insulation economical solutions 


systems, Silastic RTV encapsulation protects against adverse environments _ to your pressing in- 
and weathering . . . makes costly motor enclosures unnecessary. sulating problems. 


Sure Protection New Silastic RTV especially developed for this pur- 
pose pours bubble-free . . . flows smoothly into all crevices . . . and leaves 
no weakening air holes or thin sections. Setting up, the rubber takes an 
iron grip on previously primed surfaces, and quickly vulcanizes into a 
void-free, homogeneous silicone rubber barrier to dust, dirt, moisture, 
abrasives, many chemicals, and corrosive atmospheres. 


< 
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Full information and technical 
assistance is available by 
writing Dept. 4512. 


Dow Corning 
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Prius 'T 


Silicones Pack Power in Small Space 


To assure reliability of transformers supplying standby 
power for submarine nuclear reactors, Milro Controls 
Company chose silicone insulating components and Dow 


Corning 997 Varnish. 


Reasons for their choice: silicone resin insulation systems 
provide maximum output for minimum weight, superior 
resistance to moisture, and ample protection against high 
ambients and overloads. The impregnating varnish, Dow 
Corning 997, easily withstands operating temperatures 
up. to 250C. It provides superior protection against all 
the well-known enemies of electronic and electrical equip- 
ment. Each Milro power supply contains three compact, 
lightweight transformers. 
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op Performance 


Compound Cushions, Conducts Heat 


A dab of greaselike Dow Corning 3 Compound provides 
this diode with a ready-made heat transfer path from diode 
to washer, washer to chassis. As a heat-sink sealant, 3 
Compound improves heat dissipation because of its good 
thermal conductivity, retains this ability ... never dries out. 


A similar product, Dow Corning 5 Compound, is widely 
used by semiconductor manufacturers for potting transis- 
tors. It retains initial consistency from —75 to 200C... 
cushions vibration and shock. Completely inert and free 
of mineral salts, it protects against contaminants . . . blocks 
welding spatter prevents damage to the wafer or 
junction .. . assures fewer rejects and helps provide supe- 
rior performance of the semiconductor device. 
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Contact the nearest Dow Corning 
Authorized Distributor. He’s your 
best source for Silastic RTV and 
other quality-produced, perform- 
ance-engineered silicone materials. 


AUTHORIZED DISTRIBUTOR 


Allied Electrical insulation, Inc. 


East Rochester, N. Y. 


Brownell Electrical Insulation 
New York 11, N. Y. 


Butts Electric Supply Company 
Oklahoma City, Oklahoma 


C. D. LaMoree Company 
Los Angeles 15, California 


GA ESRiggs, inc: 
Portland, Oregon 


Earl B. Beach Company 
Pittsburgh 21, Pennsylvania 


E & H Electric Supply Co. 
Louisville 3, Kentucky 


Electrical Insulation Suppliers, Inc. 
Atlanta, Georgia 


Electrical Maintenance Equipment Co. 
Philadelphia 23, Pennsylvania 


Insulation and Wires Incorporated 
St. Paul 1, Minnesota 


insulation Manufacturers Corporation 
Chicago 6, Illinois 


J. R. Christensen Agency 
Salt Lake City 11, Utah 


McNaughton-McKay 
Detroit 4, Michigan 


National Electric Coil Company 
Columbus 16, Ohio 


Prehler Electrical Insulation Co. 
Chicago 39, Illinois 


Robert McKeown Company, Inc. 
Livingston, New Jersey 


Summers Electric Company 
Dallas 1, Texas 


The Electric Motor Supply Co. 
Baltimore 2, Maryland 


The Huse-Liberty Mica Company 
Peabody, Massachusetts 


Tri State Supply Corporation 
Los Angeles 13, California 


White Supply Company 
St. Louis 10, Missouri 


CORPORATION 


MIDLAND, MICHIGAN 


branches: BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON,O.C. 


ATLANTA 
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Simplify 
Wire 
Assembly 


with a 
KINGSLEY 


Wire and Tube 
Marking Machine 


Now you can mark each wire or 
piece of plastic tubing with its 
own circuit number... quickly...eco- 
nomically, right in your own plant! 
You reduce wire inventories because 
you need only one color of wire for 
as many circuits as necessary. 


Simplify your assembly methods 
and speed production with the 
same machine that has proved so 
successful in the aircraft and missile 
industries. Write for details. 


KINGSLEY MACHINES 


850 CAHUENGA « HOLLYWOOD 38, CALIF. 
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Dates to Circle 


Meeting and Convention Notices 


Nov. 30-Dec. 2... Ninth Annual Sympo- 
sium on Technical Progress in Communi- 
cation Wires and Cables, sponsored by 
The U.S. Army Signal Research and De- 
velopment Laboratory, Berkeley-Carteret 
Hotel, Asbury Park, N.J. 

Dec. 5-7 . . . EJA, Third Conference on 
Maintainability of Electronic Equipment, 
Hilton Hotel, San Antonio, Texas. 


Dec. 5-8... Third National Conference on 
the Application of Electrical Insulation, 
Conrad Hilton Hotel, Chicago. 

Dec. 13-15 . . . Eastern Joint Computer 
Conference, sponsored by IRE, AIEE, 
and Assoc. for Computing Machinery, 
New Yorker Hotel and Manhattan Cen- 
ter, New York City. 

Jan. 9-11 . . . ATEE-IRE-ASQC, 7th Na- 
tional Symposium on Reliability and 
Quality Control, Bellevue-Stratford Hotel, 
Philadelphia. 

Jan. 16-18 . . . American Astronautical 
Society, 7th Annual Meeting, Sheraton- 
Dallas Hotel, Dallas, Texas. 

Jan. 16-20 . . . Western Winter Radio- 
Television & Appliance Market (Division 
of Western Home Goods Market), West- 
ern Merchandise Mart, San Francisco, 
Gal? 

Jan. 23-27 ... Gaillard Seminar on Indus- 
trial Standardization, Engineering Soci- 
eties Building, New York City. 

Jan. 24-27... SPE, 17th Annual Technical 
Conference, Shoreham and Park-Shera- 
ton Hotels, Washington, D.C. 

Jan. 29-Feb. 3... AIEEK, Winter General 
Meeting, Hotel Statler, New York City. 

Jan. 30-Feb. 3 . ASTM, Committee 
Week, Netherland-Hilton Hotel, Cincin- 
nati. 

Feb. 1-3 . . . 2nd Winter Military Elec- 
tronics Convention, sponsored by the Na- 
tional Professional Group on Military 
Electronics and the Los Angeles Section 
of IRE, Biltmore Hotel, Los Angeles. 

Feb. 5-11 . . . National Electrical Week. 

Feb. 7-9... SPI, 16th Reinforced Plastics 
Division Conference, Edgewater Beach 
Hotel, Chicago. 

Feb. 15-17... AIEE, IRE, and the Univer- 
sity of Pennsylvania, International Solid- 
State Circuits Conference, University of 
Pennsylvania and the Sheraton Hotel, 
Philadelphia, Pa. 


Feb. 26-Mar. 1... First Annual Pacific 


AIEE —American Institute of Elec- 
trical Engineers 
ASTM —American Society’ for~ Test- 
ing Materials 
ASME —American Society of Me- 
chanical Engineers 


ASA  —American Standards Assn. 
IRE —Institute of Radio Engineers 
EIA —Electronic Industries Assn. 


Abbreviations Used in Notices 


Electronic Trade Show, Great Western 
Exhibit Center, Los Angeles. 

Mar. 15-17 . . . EIA, Spring Conference, 
Washington, D.C. 

Mar. 20-23 . . . IRE, National Convention, 
Coliseum and Waldorf-Astoria Hotel, New 
York City. 

Mar. 21-25 . . . Electrical Engineers Exhi- 
bition, Earls Court, London. For informa- 
tion, contact Electrical Engineers Exhi- 
bition Ltd., 6 Museum House, 25 Museum 
St., London, W.C.I. 

Apr. 5-7. . . AIEE, South East District 
Meeting, Jung Hotel, New Orleans, La. 


Apr. 5-7. . . ASTM, Symposium on Ma- 
terials and Electron Device Processing, 
Benjamin Franklin Hotel, Philadelphia, 
Pa. 

Apr. 17-21... American Welding Society, 
Annual Convention and Welding Ex- 


position, Commodore Hotel and New 
York Coliseum, New York City. 


Apr. 19-21 .. . AIEE, Great Lakes District 
Meeting, Hotel Pick-Nicolett, Minneapo- 
lis, Minn. 

Apr. 20-21... SPI, 18th Annual Western 
Section Conference, Hotel del Coronado, 
Coronado, Cal. 

Apr. 26-28 ... IRE, 7th Region Technical 
Conference & Trade Show, Westward Ho 
Hotel, Phoenix, Ariz. 


Apr. 30-May 4... Electrochemical Society, 
Spring Meeting, Claypool Hotel, Indian- 
apolis, Ind. 

May 1-2... AIEE, Rural Electrification 
Conference, Kentucky Hotel, Louisville, 
Ky. 

May 7-8... IRE, 5th Midwest Symposium 
on Circuit Theory, University of Illinois, 
Urbana, Il. 

May 8-10... IRE, NAECON, Miami and 
Biltmore Hotels, Dayton, Ohio. 

May 9-11... Western Joint Computer Con- 
ference, sponsored by AIEE, IRE, and 
Assoc. of Computer Manufacturers, Am- 
bassador Hotel, Los Angeles. 

May 17-19 .. . AIEE, North Eastern Dis- 
trict Meeting, Statler Hotel, Hartford, 
Conn. 

May 23... AIEE, Fractional Horsepower 
Motors Conference, Biltmore Hotel, Day- 
ton, Ohio. 


May 24-26... EIA, 37th Annual Conven- 


tion, Chicago. 


NEMA —National Electrical Manufac- 
turers Assn. 


NISA —National Industrial Service 
Assn. 

SPE = —Society of Plastics Engineers 

SPI —Society of the Plastics In- 
dustry 


WEMA —Western Electronic 


facturers Assn. 


Manu- 


NUMBER 3 


FIBRE FACTS FOR ENGINEERS 


How to Use Vulcanized Fibre for Electrical Insulation 


While all standard grades of Vulcanized 
Fibre can be used for many electrical in- 
sulating applications, the more exacting 
uses call for Spaulding’s Electrical Insula- 
tion Grade — Armite. 

Spaulding Armite is produced in thick- 
nesses of 1/32 inch and under with a con- 
sistently higher dielectric strength than is 
available in other grades of fibre. 

Special technical control of the manu- 
facture of Armite makes it possible to 
combine this higher electrical quality with 
exceptional durability and forming quali- 
tics. Thus, Armite is particularly well 
suited for a wide range of both electrical 
and mechanical applications. 

These uses include formed armature 
bonnets to insulate the windings from lead 
wires to the commutator, as well as for 
slot cell insulation in small armatures. In- 
dustry has also found extensive use for 
Armite in small, fractional horsepower 
motors. Here it is used in formed top 
sticks or wedges to insulate and anchor 
wires securely in the slots. 

In “Barrier Insulation,’ the term used 
by Underwriters Laboratories for electrical 
insulation between live metal parts and 
adjacent live or ground metal parts, Armite 
finds one of its broadest applications. In 
this use, Armite insulators line the metal 
housing of electrical devices where space 
by itself is insufficient to provide gap 
insulation. 

These Armite liners or “barriers” can be 
designed to accommodate almost any 
straight line contour. In .015” or .020” 
gauge Armite, fold lines are established 
economically by creasing in a punch press 
operation. 

In thicker Armite, such as the more 
commonly used 1/32’, score lines are 
punched in a fast punch press operation. 
This permits folding to fit neatly inside 
the housing box. Whether creased or 
scored, Spaulding ships these parts flat and 
ready to be formed easily by hand for 


insertion. 


by Earl A. Russell, Chief Engineer, Spaulding Fibre Company, Inc. 


For barrier insulation as switch box liner, 
Armite is creaséd in punching operation for 
rapid hand forming. 


In these, as in a vast range of other 
applications, Spaulding Armite makes 
it possible to design and execute fin- 
ished assemblies of assured electrical 
qualities without sacrificing economy. 


SENT FOR YOURS YET? 


SPAULDING’S FREE NEW REFERENCE BOOK 
DEVOTED EXCLUSIVELY TO 
ENGINEERING DATA ON VULCANIZED FIBRE 


364 Wheeler Street 
Tonawanda, New York 


SPAULDING FIBRE COMPANY, INC. 


Please bring my engineering file up to date by sending a free copy of 


Spaulding’s “Vulcanized Fibre Engineering Data.” 


For barrier insulation as removable terminal 
cover scored and formed, Armite is held in 
shape with eyelets and in place with indent 
at base. 


Armite’s superior dielectric properties, 
coupled with good forming and struc- 
tural stiffness, have made it the tradi- 
tional choice of designers throughout 
the electrical industry. 


Name 4 Shite: =. SS 
Firm 

Address 

City Zone State x 
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"See Us at Chicago, Booth 106-107 Electrical Insulation Conference" 
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Breakthrough! iy aw 


a /) iio 


has replaced six 
Or more 
film wires! 


SS 


Industry’s only multi- POLY-THERMALEZE, a Phelps Dodge Applies 
purpose magnet wire! Research development, is answering | 


| 
long-awaited need of the electrical equip 


ment industry for a universal magnet wire 


Property for property, 
- POLY-THERMALEZE 
matches or exceeds 
all these 


20%-3X 
OK 


THERMALEZE 155°C 60+ 1400 20%-1X 20%-3X Excellent Good 30\bs. 305°C 4000 500,000. 


| 20%-3X 
| OK 


| 20%-3x 
| Falls 


Any time your problem is magnet wire, 
consult Phelps Dodge for the quickest, surest answer! 


FIRST FOR 


For the first time, POLY-THERMALEZE per- 
mits standardization to one all-around film 

LASTING QUALITY— 
mithin Class F (155C), Class B (130C) BO gore 


and Class A (105C) temperature ranges. puri ps popGE COPPER PRODUCTS 
CORPORATION 
INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 


Bee ca 


Spray, dip, roller coat these epoxies to bond 


3 typical 


Bond, i, series “E”’ 


adhesives for bonding 
stack laminations : 


BONDMASTER E645: Available as 1-part or 2-part 
with mixed viscosity in the 600-1,200 cps range. 
Highest bond strength and heat-resistance 
coupled with excellent impact strength. 


BONDMASTER E621: 1-part; approximately 200 
cps viscosity. High bond strength, heat-resist- 
ance and flexibility. Can be cured at low tem- 
peratures. 


BONDMASTER E631: Same as BONDMASTER E621 
but in a slower-drying solvent. 


Since all three feature excellent mechanical 
strength plus resistance to many solvents, to 
water, atmospheric conditions, and temperature 
changes, they are also widely used as insulat- 
ing varnishes for impregnating coils and small 
electrical equipment. 


TYPICAL PRODUCTION METHODS 


Most companies develop their own techniques 
to bond stack laminates most efficiently. The 
three most commonly used are: 

1) Coat, stamp, and stack; 

2) Stamp, pre-coat, then stack; 

3) Coil or stack, then vacuum impregnate. 


NON-EPOXIES...an alternate method 


Huge electron accelerator magnet cores (a recent 
one involved 475 tons of oriented silicon steel lami- 
nations!) are being bonded with one of our non- 
epoxy solvent-dispersed rubber/phenolic adhesives. 
If you can heat-cure at pressures of 100 psi or more, 
write for information about BONDMASTER E379. 


RUBBER & ASBESTOS 


CORPORATION 


226 BELLEVILLE AVENUE 
BLOOMFIELD, NEW JERSEY 
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Now you can machine adhesive- 
bonded stack laminations of magnetic 


steel cores ... machine them to toler- 
ances as critical as you can control 
your equipment .. . without fear of 
failures. In addition, these laminations 
can now be produced without the in- 
ternal stresses that have plagued the 
industry for so many years... can be 
made far more accurately, more uni- 
formly, more swiftly than has ever 
been possible with riveted assemblies. 


The “chemical fastening” of cores 
with BONDMASTER Series “E” ad- 
hesives is today’s standard production 
technique in the manufacture of sta- 
tors, rotors, pancake synchros, dry 
transformers, gyros, and servomecha- 
nisms as well as magnetic amplifiers, 
magnetrons, and cyclotrons. 


With these solvent-dispersed thermo- 
setting epoxy adhesive formulations, 
bonding is achieved by heat, alone. The 
only pressure you need is that required 
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to keep the coated surfaces in complete 
and intimate contact during the cure 
cycle—a simple jig will do the job! 


WIDE CHOICE OF 
APPLICATION METHODS 


These extremely free-flowing, low 
viscosity (some go down to less than 
200 cps) adhesives can be applied by 
brushing, roller coating, spraying, or 
dipping. Coated parts may be stored 
before curing for periods of up to six 
months, if desired. Stack laminating 
techniques can be adapted to your pro- 
duction set-up . . . see descriptions in 
column at far left. 


WRITE FOR FURTHER DATA 


Write for Technical Data Sheets de- 
tailing adhesive laydown, curing cycles, 
bonding methods, etc., of BOND- 
MASTER Series “E” adhesives for the 
electrical industry. 


World-Wide Insulation Report—France 
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lonization Problems in Large Rotating Machines 


By G. F. Lang, Manager, Insulation Development Section, Le Matériel Electrique, Schneider-Westinghouse, Champagne- 


Sur-Seine, France. 


Abstract 


This article discusses the laboratory 
work being done in France to define 
the injurious ionization inception con- 
cept as applied to large rotating ma- 
chines. Various tests are run to de- 
termine the voltages at which dis- 
charges cause destruction of a given 
amount of insulation within a given 
amount of time. Descriptions of the 
test procedures, the equipment used, 
and the findings are presented. The 
problems involved in relating this 
work with test cells to measurements 
on coils and complete machines are 
_ discussed. 


Introduction 


The discharges which occur in 
occluded gases are among the phe- 
nomena affecting the aging of the 
insulation of stator coils in rotating 
machines. These discharges—due to 
a high voltage across the air gap— 
cause insulation wear by ionic bom- 
bardment and chemical action. 

The first reaction of users of large 
rotating machines was to demand 
elimination of the ionization. This 
demand was based on the measure- 
ment of the ionization inception volt- 
age. 
We shall see hereafter that if the 
ionization inception voltage is an 
important factor in the determination 
of the damage caused by the dis- 
charges in a given void, it is not very 
significant in the case of a group of 


voids such as those which are found 
in practice in an insulation. 

It seems to us useful at the present 
stage of our experience to try to define 
the concept of the injurious ionization 
inception; that is, the voltage at which 
the discharges attain a severity which 
is liable to cause the destruction of a 
given amount of insulation within a 
given time. 

This study is faced, however, with 
an important problem; that is, the 
relation between the laboratory tests 
on cells and the measurements made 
on coils and even on complete ma- 
chines. 


Basic Concepts 


1) Distribution of the voltage in an 
insulation. In order to avoid any mis- 
understanding we shall discuss the 
ideal cell shown in figure 1. This cell 


Ves, 


Figure 1, experimental cell consisting 
of (1) solid insulation, (2) air space, 
and (3) electrodes. 


consists of a gas-filled gap with paral- 
lel faces, located between two plates 
of solid insulation, the faces of which 
are also parallel. The electrodes which 


are placed on either side of this cell 
are designed to produce a homoge- 
neous electric field. 

When this system is subjected to 
an alternating field, the voltage is 
distributed over the various elements 
in accordance with the following 
equations (suffix 1 for the gas and 
suffix 2 for the solid insulation) : 

U, ms dy (3) 

Uz i Ei x do 
where d is the thickness and « the 
dielectric constant. 

Assuming that U; and Us are in 
phase and that the total voltage U 
applied to the cell is equal to: 

U=Ui+ U2 


the voltage distribution equation be- 


comes: 
di 
£} 
Ul UC aaa 
dy i ds 
(el €2 
For n insulating gaps in series we 
have: 
a, 
n 
UU q 
ee 
E€ 


These formulas may be used for a 
direct voltage provided the dielectric 
constants « are replaced by conduc- 
tivities A. 

The equation can be used as long 
as gradient G; = U;/d; in the gas- 
filled gap is less than disruptive gradi- 
ent Gg = Ua/di. It may no longer 
be used when G; > Gu. 
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2) Disruptive voltage in a gas-filled 
gap. In the case of an air-filled gap, 
the disruptive voltage is given by the 
curve in figure 2 which has been 


kV (peak) 
Ss Ud 


“J 2 5 1 @ 5 40 20 50 wo 200 500 1000 
Figure 2, breakdown voltage of an air 
gap, expressed as a function of the 
product of the thickness of the air gap 
and the ratio of density of air under 
test conditions to density of air at 
20°C and 1 mm of mercury. 


studied more particularly by Paschen. 
It is expressed as a function of the 
product dia, where d; = thickness 
of the air gap in cm and a = ratio 
of the density of air under test con- 
ditions to the density of air measured 
at 20°C under a pressure of 1 mm of 
mercury. 

For gases that obey Mariotte’s law 
or are very near to it, it is possible 
to replace the relative density by the 
pressure expressed in millimeters of 
mercury providing that one takes into 
account the temperature. 

The curve in figure 2 shows a mini- 
mum value of 350 v (crest) for 
da 05, 

When all the calculations have been 
made we note that at 20°C and at 
atmospheric pressure, disruptive volt- 
age Uq (expressed as a rms value) 
will be 250 v for an air gap of the 
order of 6.6 * 10° millimeters or 
0.26 & 10° inches. 

For higher temperatures, say from 
100 to 200°C, U, is lower than the 
value given at 20°C by 20 to 30%. 

Very sensitive and specially de- 
signed equipment is, of course, re- 
quired to detect these discharges at 
such low voltages. 


lonization Inception Voitage 


Jonization inception voltage was 
often (and is still sometimes) used 
as a criterion of the ionization in the 
insulating barrier of machines. We 
shall examine the significance of the 
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ionization inception voltage with re- 
spect to what has already been dis- 
cussed. For this purpose we shall 
consider an insulation containing 
various voids of different dimensions. 

Let us first consider again the cell 
shown in figure 1, the gap being filled 
with air at 20°C under normal atmos- 
pheric pressure. 

The equation may be written: 


dy 
* x E ee cla 
U,=KU where Sar Fl 2 
eed eliapa 
et €2 


We shall assume that the dielectric 
constant eo for solid insulation is 
equal to 5 (which is in practice the 
value for the mica insulation used on 
stator windings). 

Under these conditions, the varia- 
tion of K as a function of d; is given 
by the curves shown in figure 3 for 
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Figure 3, variation of K for different 
insulation thicknesses plotted as a 
function of air gap thickness. K is 
based on dielectric constants of 5 for 
the insulation and I for the gas-filled 


gap. 


various values of dy (thickness of the 
solid insulation). 

In this same figure we have plotted 
a part of the curve shown in figure 2, 
replacing the logarithmic ordinates 
hy linear ordinates. The abscissae 
used are those from figure 2 (dia). 
In this expression we assume that a 
is equal to 760 mm (normal atmos- 
pheric pressure) for the sake of sim- 
plicity and that the temperature is 
20°C. a being constant, Ug can be 
expressed directly as a function of 
di. 

Therefore, we have on the same 
graph: 

Ug fad?) Mand ik =273" Cah) 

We know that U; = KU 


| 

By multiplying the ordinates of | 
each of the curves K = #(di) by a | 
value of U, we obtain several sets of | 
curves: 

Ur = U8 (dy) 
each curve being applicable for a well | 
defined value of U and dp. ! 

For a value of ds [therefore for one | 
of the curves of the set K = #(di)] | 
there is a particular value of U(that 
we shall call U;) where curve Ud(d1) 
is tangential to curve Ua = f(di) at 
a point whose coordinates are Wide 
This particular value (U;) of U is no 
other than the ionization inception 
voltage of the system, the thickness of 
which is dy, under accepted test con- | 
ditions (cell of figure 1, pressure: — 
760 mm of Hg, 20°C, air). 


Figure 4 shows the respective varia- 


8 wer, kV ( peak] u 


d, mm 


dd, mm 
1 2 3 4 
Figure 4, minimum inception voltage 


of the cell (figure 1) versus the thick- 


ness Of the solid insulation. 


tions of U;, U’y, and d’; as a func- 
tion of do. 


d’; = “optimum” thickness of the 
air gap in order that ionization incep- 
tion will occur when voltage U applied 
to the system is as low as possible. 


U’, = value of voltage U, across the 
air gap having a thickness d’;, at the 
precise instant when the first dis- 
charge occurs. 


U; =minimum value of voltage U 
to be applied to the system so that 
discharges will occur in the air gap. 
U; is the ionization inception voltage 
of the system being investigated. 


On these curves, a 3-mm (0.118-in) 


mica insulation placed in a cell of 
the type shown in figure 1 has a mini- 
mum inception voltage of 4 kv (rms 
value) when the thickness of the in- 
sulation is 0.3 mm (0.012 in). 

The voltage applied to this air gap 
is then of the order of 1.9 kv. 

We have chosen this example be- 
cause it corresponds to the thicknesses 
of insulation used in normal prac- 
tice for stator coils with a rated 
phase-to-phase voltage of 10 kv rms, 
or a rated phase-to-ground voltage of 
5.8 kv rms. 

Therefore, theoretically, 
taking into consideration the hypoth- 
eses stated, 30% of the coils located 
on the phase end of the machine 
would reach the ionization inception 


after 


voltage in service under normal oper- 
ating conditions if they contained 
voids of 0.3 mm. 

It is important to note that if the 
thickness of the voids was greater or 
smaller than 0.3 mm, ionization in- 
ception would only be reached for 
higher values of voltage. 

The theory which we have just ex- 
amined is also applicable in practice 
io the insulation of coils but the val- 
ues are very different for the following 
reasons: 

1) The insulation of stator coils 
does not contain any gaps with paral- 
lel faces as in the ideal case of the ex- 
-perimental cell shown in figure 1. The 
surfaces of the voids in stator coil in- 
sulation are very irregular. Therefore, 
the electric field does not have the 
homogeneity specified for the study of 
the cell shown in figure 1. 

2) The convergence of the lines of 
force of the field produces local volt- 
age gradients which are higher than 
those foreseen by the cell under study. 
It would therefore be necessary to con- 
sider the curve shown in figure 2 in 
which the ordinates would be ex- 
pressed in terms of the voltage gradi- 


ent U, 


dy 

The curves shown in figures 3 and 4 
should be utilized in the same way. 

It is easy to understand that under 
these conditions of concentration of 
lines of force, the ionization inception 
voltage is lower for the same values of 
dy and dy. It can also be assumed that 


1 


one reaches the ionization inception 
voltage for the same value of dy but 
for a much lower value of dj. 

There are still other factors which 
affect the foregoing theoretical results. 
For instance, we do not know the pres- 
sure of the air occluded in the voids, 
but we assumed it to be 760 mm for 
our calculations. An increase in pres- 
sure displaces curve Usa=f (d,) 
towards the left (see figure 3) which 
amounts to increasing the ionization 
inception voltage, and this process is 
reversed when the pressure is reduced. 
If the ionization inception voltage is 
the same but the pressure is higher, 
the thickness of the air gap will be 
smaller. 


Now we know that the pressure in 
a void may vary within a wide range 
depending on the materials used and 
the method of manufacture. 

Temperature also has a certain in- 
fluence on the levels of these param- 
eters—especially if the void is com- 
pletely closed, as this causes an 
increment in pressure when the tem- 
perature increases. 


We assumed that the gas was air. 
Actually, in an insulating barrier the 
voids contain mostly gases from the 
organic components of the insulation, 
and this slightly displaces the curve 
discussed in figure 2. 


Inasmuch as each of these param- 
eters has an important effect on the 
ionization inception level, one con- 
ceives that the curves shown in figure 
4 are more suitable for getting an idea 
of the phenomenon than for being 
applied directly to a practical case. 
Taking these facts into consideration, 
we note that the ionization inception 
voltage measured on the insulation of 
a winding is the ionization inception 
voltage for one or several voids meet- 
ing optimum conditions (geometry of 
the void pressure, nature of the gas, 
etc.). 

However this does not give any in- 
formation on the other voids which 
are generally more harmful than those 
detected. Therefore, while the ioniza- 
tion inception voltage seems to be of 
little interest when measured on a 
machine or a winding, it is valuable 
for the theoretical study of the ele- 
mentary discharges in a given air gap. 
This determines the conditions of the 


discharges in this void by changing 
their number per unit of time. 


Parameters Affecting the 
Harmfulness of lonization 


It is beyond argument that ioniza- 
tion is one of the causes of the aging 
of insulation in commercial service. 
The rate of aging is dependent on the 
various parameters which affect the 
severity of the ionization. 

1) Mechanism of the discharges. 
The voltage required to break down 
the air gap of the experimental cell 
shown in figure 1 is a function of the 
number of molecules comprised be- 
tween the two electrodes for a given 
surface of these electrodes. This is 
shown by the curve of figure 2 where 
the abscissae are a product of the 
thickness of the gas-filled gap and the 
relative density of the gas. 

In actual fact, a number of dis- 
charges will be produced at various 
points by increasing the voltage at 
the terminals of the cell in order to 
reach the ionization inception voltage. 

Let us isolate one of these points 
and let us study the mechanism of the 


corresponding discharge (see figure 


Dae 


Figure 5, mechanism of the dis- 
charges: (a) one discharge per half- 
cycle, and (b) several discharges per 
half-cycle. 


The voltage at the terminals of the 
electrodes is sinusoidal and of the 
form: 

Us Ue sim (at -|- p) 

The voltage across the air gap in 
the absence of any discharges will as- 
sume the form which we have already 
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seen: 
U, ==K Gor ae. hu 
substituting for u: 
u; = K U, sinot 
Angle p is the phase displacement of 
voltages u and uj. It is the angle we 
have considered as negligible before. 

A discharge will occur when 
U; max = K U, is slightly higher than 
ionization inception voltage U; given 
in figure 2. wt is then slightly lower 
than 7/2. 

The discharge at that moment dis- 
turbs the distribution of the voltage 
in the cell, and our original equation 
is no longer applicable (concave por- 
tion of the curve shown in figure 2). 
The air gap is short-circuited during 
the very short time (of the order of 
10°° seconds) the discharge lasts by 
the conducting path it produces. The 
voltage across the air gap decreases 
until it is equal to a value U. when 
the discharge dies out through lack 
of sufficient supply. 

Voltage u,; at the terminals of the 
elementary cell is again subjected to 
the sinusoidal variations which are 
imposed by voltage u applied at the 
terminals of the system, but the axes 
of coordinates are displaced. 

In figure 5a we see that the effective 
voltage across the elementary air gap 
when the discharge has died out is 
equal at the instant being considered 
to: 

uy) = uy — (U; = Ue) 
or 

uw, =KU, sin ot — (U; — U.) 

This voltage reaches a maximum 
value for wt = 7/2, then decreases, 
passes through zero for wt = 7, and 
then reverses. Voltage u’; reaches 
once more an absolute value which is 
close to U;. 

When voltage u; > 2U; — Us, a 
second discharge will occur during the 
same half cycle of the input voltage. 

There will be n discharges during 
each half cycle (b in figure 5) accerd- 
ing to the maximum value reached by 


Ua Sade 


is a whole number given by 
equation: 
vy K U, — Ue 
= U; = U; 

There will be N discharges per sec- 
ond where N = 2 nf, “f” being the 
frequency of the input voltage. 

Therefore, all 


other conditions 
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being the same, there will be 20% 
more discharges for a system supplied 
on 60 cycles than for a system sup- 
plied on 50 cycles. 

Voltages of 25 or 16% cps are in 
this respect very favorable. One will 
also understand that by increasing the 
thickness, when considering the por- 
tion of the curve of figure 2 on the 
right of the minimum value, voltage 
U; increases. This is equally applica- 
ble to the amplitude of the discharges. 
For this reason the ionization incep- 
tion voltage is a very useful param- 
eter in the study of the elementary 
discharge. 

2) Ionization level. We can con- 
sider that aging due to ionization is 
linked not only to the frequency of 
the input voltage but also to the ioni- 
zation level determined by a) the 
number of discharges per input volt- 
age alternation, and b) the amplitude 
of each discharge. 

To study this basic problem we 
used a cell of the type shown in fig- 
ures 6 and 7. In designing this cell, 


Figure 6, schematic diagram of the 
experimental cell circuit used to study 
tonization. 


Figure 7, schematic diagram showing 
erosion of an insulation sample in the 
experimental cell. 


we wanted to isolate the elementary 
discharge phenomenon in order to 
have only one point of discharge for 
better study. 

A cylindrical electrode is placed 
opposite a hemispherical electrode. 
They both have a diameter of 3 mm 
(.118 inches), and the gap between 
them can be adjusted at will — the 
upper electrode being mounted on a 
supporting screw. The thin piece of 


insulation, the thickness of which is 
of the order of 0.1 mm (0.004), is 
placed between the electrodes and 
stuck to the lower cylindrical elec- 
trode with insulating varnish. This 
should be done very carefully in order 
to avoid occluded air bubbles between 
the insulation and the electrode which 
would introduce errors into the read- 
ings because of their ionization. 

The electrode system is connected 
to a variable voltage and frequency 
supply circuit—a transformer which 
supplies up to 10 kv and withstands 
1500 cps. 

In this case, the transformer is fed 
by a variable frequency electronic 
generator through a standard 60-watt 
amplifier. 

The following elements are con- 
nected in series in the electrode cir- 
cuit: a) A 1000-pf capacitor repre- 
senting the solid insulation in series 
with the void. b) A 104-ohms resistor 
serving as a base for the measurement 
circuit. 

This circuit may include several 
such as an_ impulse 
counter and an oscilloscope (figure 
8). A neon tube connected directly 
across the ends of the resistor lights 
up when the sample breaks down. 


instruments 


To study the ionization we used 
“Mylar” films. The cell was mounted 
in an air-conditioning oven in order 
to prevent uncontrolled variations of 
the surface resistivity due to ambient 
temperature and humidity. 

The following results have been ob- 
tained: a) The number of discharges 
per half-cycle is a function of the ap- 
plied voltage. In order to have a bet- 
ter grasp of these phenomena, this 
number was limited to a maximum of 
5 discharges during each positive half- 
cycle. This result was obtained when 
the voltage applied to the system was 
of the order of 3 kv. b) The amplitude 
of the discharges increases in propor- 
tion to the thickness of the air gap. 

3) Study of aging by ionization. 
The quantity of electricity required 
to break down the insulation was used 
as a criterion. It was noted that, in 
the absence of any chemical action, 
the quantity of electricity expressed 
in coulombs required to break down 
the insulation was constant for a given 
material, providing however that the 


following was taken into account: 

When the insulation is subjected to 
the action of the electronic bombard- 
ment, the insulation within the bom- 
barded area deteriorates and its thick- 
ness gradually decreases with time 
(figure 7). 

A stage will be reached where this 
thickness will be equal to a critical 
value d. for which there is an intrinsic 
breakdown at the voltage applied to 
the cell. Under these conditions, the 
thickness d; of the insulation actually 
destroyed by the discharges is equal 
to: 

de dade 
where d is the initial thickness of the 
insulation being investigated. 

We note that for a given material 


Q 


—- = constant, 


d; 
( being the overall amount of elec- 
tricity required to break down the 
insulation. 

By varying the voltage and the fre- 
quency within a certain range only, 
the time required for breakdown to 
occur is changed. 

It may be difficult to measure “d,.” 
A dial indicator with a small plunger 
is used to measure this residual thick- 
ness. However if the output of the 
generator is too high, the breakdown 
is too destructive, and it may not be 
possible to measure “d..”’ 

In the example concerning the 
aging tests on a Mylar film described 
previously, the thickness d; eroded by 
the bombardment was 0.044 mm or 
0.0017 in. This result was obtained 
with a quantity of electricity Q of 
48.10 coulombs; that is, 11 & 10° 
coulombs for a thickness of 0.10 mm 
or 27 & 10? coulombs for a thickness 
of 0.10 in. 

The same result (within 10%) may 
be obtained by varying the param- 
eters successively as follows: 

a) Frequency increased from 250 to 
500 cps. 

b) Frequency increased from 250 to 
500 cps and thickness d; of the air 
gap reduced from 0.3 to 0.2 mm. 

c) Frequency increased from 250 to 
500 cps and voltage increased from 
2200 to 2500 v. All other parameters 
remain unchanged. 

In the last test for instance, it is 
significant to note that due to the 


Figure 8, equipment used to feed and control the experimental cell. 


increase in voltage, thickness d; has 
decreased from 0.044 to 0.029 mm 
(0.0017 to 0.0011 in). In this same 
test, a voltage increase of 1314% and 
a doubling of the frequency reduced 
the time required for the insulation 
to break down from 7 hr to 21% hr 
without changing the selected crite- 
rion Q/d;. 

All these results are repetitive. Each 
one is the average of the values ob- 
tained (with little dispersion) on 10 
cells connected in parallel (figure 9). 
A one-hundred-way switch enables 
the use of only one measurement sys- 
tem (figure 8). We must expect, how- 
ever, that it will not be possible to 
increase the test frequency indefi- 
nitely without introducing errors due 
to an abnormal temperature rise at 
the points of impact of the discharges. 
This temperature rise is liable to cause 
the destruction of the insulation due 
to thermal instability. 


Classification of the Materials 


As we have already said, the experi- 
mental cell was designed originally 
with a view to studying the actual 
ionization. In view of the results ob- 
tained, it seemed to us that it could 
play a useful part in the classification 
of insulating materials, taking into 
account their resistance to electronic 
bombardment. 

These are then characterized by 
Q/d; = constant. It is important, 
however, to remember that ionization 
attacks the insulation in two ways— 


by electronic bombardment, and by 
chemical action. 

The latter undoubtedly obeys 
slightly different laws and is linked 
with the nature of the occluded gas. 
It seems logical to investigate it sepa- 
rately in a different cell. It is quite 
possible that these laws are linked to 
the previously mentioned equations. 

The proposed cell designed by the 
French Group of the IEC seems suit- 
able for the study of the chemical 
action. 


fonization in Winding Insulation 


The insulation engineer cannot be 
satisfied with laboratory studies, aad 
he is obliged to consider the materials 
used — especially the insulation for 
the windings of large rotating ma- 
chines operating at voltages above 
5 kv up to 24 ky and occasionally at 
even higher voltages for ratings of a 
few to several hundred megawatts. 

The quantity of electricity pro- 
duced by the discharges in an insula- 
Methods have 


been suggested in specialized maga- 


tion is measurable. 


zines, but, when applying them, it is 
essential to note that ionization is a 
point phenomenon distributed errati- 
cally in the insulation. 

It is therefore necessary to have 
methods for locating this distribution 
in order to detect the point or the 
points where the discharges reach a 
dangerous level for the life of the 
insulation. 

Actually the overall ionization level 
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Figure 9, close-up of electrodes in the 


experimental cell. 


for an insulation corresponds to the 
sum of the elementary levels of each 
discharge. 

As far as we know there is not yet 
any direct method for evaluating the 
distribution and for locating the 
points of intensive discharges. The 
only way is to make several measure- 
ments with each one related to a lim- 
ited surface of the insulation being 
investigated. 

There are several methods—two of 
which we shall describe. The first one 
consists of measuring with a Schering 
bridge the value of the power factor 
at 0.4 and 0.8 U, (Uy, is the phase- 
to-phase voltage of the machine in 
which the coil being investigated will 
be mounted). 

However, this method has disad- 
vantages, and the results obtained on 
coils which are different in shape, 
size, and insulation cannot be com- 
pared.t Furthermore, it is based on 
the measurement of the power factor 
and is therefore affected by the chem- 
ical nature of the insulation. 

The second method is based on the 
fact that the capacitor represented by 
a gas-filled void is practically short- 
circuited at the instant of the dis- 
charge (see figure 5). 

By an increase in the number of 
discharges per alternation obtained 
by increasing the voltage, it is possi- 
ble to short-circuit the void perma- 
nently. This is not entirely true, but 
in practice the error “FE,” if not small, 


UDSee ‘Investigation of a Practical Criterion for Con- 
trolling High Voltage Insulation,’’ G. F. Lang., Bulle- 
tin de la Ste Francaise des Electriciens, 7e serie,— 
Tome IX, No. 102, June 1959. 
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is at least fairly constant and may be 
measured by means of preliminary 
tests. 

The method then consists of meas- 
uring the capacitance Cy, of the insu- 
lation at a sufficiently low voltage— 
0.2 U,, for instance—in order that 
the ionization will not have any no- 
ticeable effect on the capacitance of 
the voids. We then measure capaci- 
tance Cy at a very high voltage—1.5 
to 3 U, for example—and calculate 
criterion: 

M = Cy = Or 


es x 1000 


Criterion M enables us to appreci- 
ate the air occluded in the insulating 
barrier. It can be shown, in particu- 
lar, that a theoretical air gap, 
uniformly distributed under the meas- 
uring electrode and having the same 
effect as the actual voids, would have 
a thickness 


d,=M* (145) 


where d, is the rhicletese of the insula- 
tion and ¢, its dielectric constant. 

It can also be shown that criterion 
M measured on the whole insulation 
(with capacitance 
weighting) of the elementary values 


is the average 


m for all the partial elements of the 
insulation which are considered sepa- 
rately and which are as small as may 
be desired. 

Therefore, it enables the compari- 
son of elements of insulation of dif- 
ferent dimensions. Finally, as it is 
entirely based on the geometrical ca- 
pacitance, it is independent of the 
chemical composition and is, there- 
fore, useful for comparing different 
kinds of insulation. 


Trend of the Research 


The study of ionization is far from 
being completed, since on the one 
hand we are only beginning to foresee 
the possibility of studying the resist- 
ance of materials to discharges and on 
the other hand we are only able to 
evaluate the voids trapped in the 
insulation. 

At the present stage of our experi- 
ence the obvious problem is still the 
connection between these two meas- 
urements. In other words, it will be 
necessary to determine for a given 
insulation the ionization inception 


voltage from which the ionization 
level must be considered as really in- 
jurious. This should be done by inves- « 
tigating the resistance of materials to 
discharges. 

In parallel, it is necessary to im- 
prove the existing measurement meth- 
ods for complete coils and to locate 
the discharges which are injurious to 
the insulation involved. 

The trend of the investigations is 
by itself an important program in re- 
gard to its usefulness and extent. 

It emphasizes the injurious ioniza- 
tion inception concept which should 
not be confused with the classical 
ionization inception concept shown by 
the curve of figure 2. 


Conclusion 


It would be wrong to draw a con- 
clusion from an article on a problem 
which is still in the development stage. 
We may hope, however, that the re- 
search now in progress will proceed 
actively so that the laboratory results 
and the results obtained in practice 
may be correlated. A better knowl- 
edge of the basic phenomena affecting 
the discharges is also necessary to en- 
able insulation specialists to make the 
necessary improvements. 

At present with the new insulating 
materials, ionization does not appear 
to be the main agent of the aging of 
machines. This result was obtained by 
methods which were generally empiri- 
cal, and we may expect that in the 
near future these will become more 
scientific, and hence more logical. 
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ry utility engineers now specity 


e better abrasion resistance e lower power factor; less power 
POWE a ABLE loss in transmission e low surface tracking e excellent moisture 


resistance e less bulk, less weight 


Al Ss U LATE D W ITH Leading manufacturers now produce power 


cable insulated with polyethylene based on 


Monsanto Polyethylene resins, specially de- 
MONSANTO veloped and perfected by Monsanto. For 
complete technical data including applicator’s 
information, write to Monsanto Chemical 


2] oO LY ET fal YL a N Company, Plastics Division, Room 730, 
Springfield 2, Massachusetts. 


MONSANTO activator In PLASTICS 


Note the slim shape and size of 

the polyethylene-insulated cable 

(lower), compared to the old f 

cable (upper) being replaced. New 15,000 volt polyethylene-insulated power phase. Conductors are 2/0-37 strand copper 


cableinstallationat mainsub-station, Monsanto (133,100 circular mils). Insulation consists of: 1 
Chemical Co., Plastics Division plant, Spring- layer semi-conducting tape, 297 mil polyethy- 
field, Mass. Installation-rated at 175 amps, lene insulation, 1 layer non-metallic tape, metal 
15,000 volts. 3-phase system, 1 conductor per shielding, 1 layer tape, 6/64” vinyl jacketing. 
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Insulation, 


CDF offers you superior plastic insulating materials: 
copper clad laminates for printed circuits, epoxy resin 
plastics, phenolic-impregnated materials, Micabond® 
bonded mica insulation and vulcanized fibre. 


The CDF line is the widest now available ... and meets 
every major civilian and military specification. 


We may also be able to save you time, money and 
headaches with other CDF services. Skilled, expe- 
rienced personnel using modern equipment will form, 
machine, and mold plastic parts to your specifications. 


CDF’s Di-Clad® printed circuit boards are tested for bond strength in this precision machine. 


MATERIAL 
DESIGN PRO| N 
ELECTRIGAL INSULATION 


Top CDF engineers will work with your production and 
design people, in your plant, on problems plastics can 
solve. CDF research works constantly to develop new 
and improved plastics. 


In short, CDF offers you complete service in plastics: 
materials, custom fabrication, engineering aid, and re- 
search. Please ask your CDF Sales Representative 
about our materials and services the next time he calls 
on you. If you prefer, write directly to our Technical 
Service Department. 
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In Canada, 46 Hollinger Road, Toronto 16, Ont. 


Vibration-free plug bases, fabricated 
by CDF. A special bond of CDF Dilecto® 
laminated plastic and rubber. 


High reliability printed circuits for mili- 
tary applications. Made from CDF’s glass- 
base Di-Clad laminated plastic. 


Low-Cost commercial circuits. Made 
from CDF's paper-based Di-Clad copper- 
clad laminate. 
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World-Wide Insulation Report—lIsrael 


Cavities and Corona in. Insulations 
Impregnated with Liquid Dielectrics 


By Dr. N. Klein, Electrical Engineering Dept., Technion-Israel Institute of Technology, Haifa, Israel. 


Electrical breakdown of equipment 
often originates in cavities included 
in the insulation and much effort is 
being spent to determine the proper- 
ties of cavities. These properties are 
especially involved in insulations im- 
pregnated with liquid dielectrics and 
the designer of power cables, capac- 
itors, transformers, etc., is confronted 
with a number of complicated phe- 
nomena connected with the cavities. 

To give examples: it is known that 
the mechanical pressure in power 
cables can, on no load, decrease to 
values close to vacuum, or that the 
pressure in sealed transformers is 
subject to large variations. The reason 
for these effects is found in the solu- 
tion of gases in the impregnant. It is 
well known also that in equipment on 
load the number of cavities has con- 
siderably decreased. The opposite 
effect is found on cooling and the 
number of cavities and corona in the 
impregnant increase often to a great 
extent. The reason for these effects is 
again gas solution and cavitation in 
the liquid. 

While the designer wants to know 
about expected mechanical pressure 
changes in planned equipment, his 
main interest in cavity behavior 
arises from its influence on the life- 
time of the insulation. The cavities 
are subjected during operation to 
continuous variations in size, shape, 
gas pressure, and kind of gas. In 
addition, cavities vanish and new ones 
form. All this has a bearing on the 
expectation of corona in the insulation 
and hence on insulation life-time. 

This article will show what influ- 
ences the behavior of cavities, how 
their sizes and gas pressures can be 
foretold, how the likelihood of corona 
can be estimated, and how corona 


can be decreased by suitable design 
which changes cavity properties. 


Cerona Inception Voltage 


Investigation of corona in the in- 
sulation is based upon data on volt- 
ages at which corona starts in a 
cavity. 

The inception voltage V; for co- 
rona in Cavities is estimated with the 
help of Paschen curves. Figure 1 
shows these curves for air, nitrogen, 
and hydrogen, when gas fills the space 
between plane, parallel surfaces. The 
inception voltage V; appears as a 
function of the product of gas pres- 
sure p. and distance d of the bound- 
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ing surfaces. It is useful to derive a 
set of curves from the Paschen curves, 
giving the electric field Eq in the insu- 
lation, close to a cavity, at corona 
inception. 

Figure 2 shows E, as a function of 
d, with gas pressure p, as the param- 
eter. When the gas is nitrogen, the 
cavity is lens shaped* and the dielec- 
tric constant of the insulation is 4. 
Two well known facts emerge from 
this figure: the likelihood of corona 
in the insulation decreases when a) 
the pressure increases, and b) when 


*More accurately, when the cavity dimension in 
field direction is very much smaller than perpen- 
dicularly to it. 
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Figure 1, Paschen curves for air, nitrogen and hydrogen. 
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the cavity size decreases. Ample use 
is made of these properties of gases, 
e.g. by filling high voltage apparatus 
with high-pressure gases, by applying 
thin paper tapes around cable conduc- 
tors to limit cavity sizes, and many 
others. 

The essential variables determining 
corona are thus: size of cavity, gas 
pressure, and the kind of gas. The 
question is how to foretell these cavity 
properties in impregnated insulations. 


Gas, Cavity Size, and 
Surface Tension 


The gases occurring in the cavities 
are primarily those included in the 
insulation at manufacture. Changes 
can occur, however, during operation 
in the gas content of the insulation by 
gases entering the apparatus from out- 
side and by gaseous decomposition 
products produced by corona, heat, 
or other reasons. It is often not certain 
what these changes in gas content will 
be, and estimates of corona inception 
voltage have to be on the conservative 
side. 

The total cavity volume of an appa- 
ratus depends upon the quality of 
impregnation. It is usually possible 
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E, 
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to determine the cavity sizes which 
occur frequently and which are typi- 
cal for an apparatus. Such cavities 
occur in the liquid at certain loca- 
tions, and their size depends upon 
distances of solid bounding surfaces. 
Illustrating this in a power cable, 
cavities can occur among other places 
in the stranded conductor or between 
paper tapes of the insulation, and in 
these cases the magnitude of typical 
cavities is determined by the space 
between strand wires and by the 
thickness of paper tape gaps respec- 
tively. 

While kind of gas and typical cavity 
sizes can be determined in a com- 
paratively simple way, the estimation 
of the gas pressure is involved as it 
depends upon many factors such as 
surface tension, gas solution in the 
impregnant, temperature changes, 
processes of cavitation, corona, and 
others. 

The surface tension tends to de- 
crease the size of a cavity and the 
pressure in the cavity p, is therefore 
always larger than the pressure p. in 
the impregnant around it. For a 
spherical bubble in the steady state 
the relation connecting p. and p, 


NITROGEN 
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Figure 2, discharge inception stress Eq as function of cavity thickness d 
and pressure p, when the dielectric constant is 4. 
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is simply 


Ao 
Po=Pet 


where o is the surface tension of the>| 
impregnant and d the cavity diameter. | 
o=210* Ib/inch for oil and the? 
pressure difference pe—pe is only) 
0.0128 psi for a 1/16” diameter’) 
bubble. | 

On the other hand, pe—pe=1 psiif™ 
for a tiny 0.0008” dia. bubble. The} 
importance of the variations of these) 
pressure difference values will be ; 
apparent when discussing the dis- | ~ 
appearance of small cavities. 


Solution of Gases Causes 


Changes in Cavities | 

The second and very important | 
property influencing cavity pressure |_ 
is the solution of the gas in the sur- 
rounding liquid. The solution leads te 
a state of equilibrium of the gas in 
the cavity with the dissolved gas, ane | 
this is defined by Henry’s law: 


__ Ces 


c 
Here y is the solubility coefficient, 
and Ces and ccs are steady state gas 
concentrations in the impregnant and 
cavity, respectively. The magnitude 
of y varies considerably and is 0.075 
for nitrogen in oil and 1.0 for COs 
in oil at room temperature, at around | 
atmospheric pressure. 

Impregnants are often degassed, or | 
at other times their gas content is }- 
well below saturation. This has im- | 
portant consequences. When appara- 
tus and/or insulation are filled with |) 
such impregnants at atmospheric 
pressure, and the apparatus is sealed |} | 
afterwards and left unused, consider- | 
able drop of pressure can occur in the 
apparatus. This is due to the solution 
of the gases of the cavities occluded 
in the unsaturated impregnant. 

When the cavity volume and 
amount of gas included on manufac- 
ture in the apparatus is known, these 
pressure drops can be estimated with 
the second equation, assuming that 
the gas in the cavities follows Avo- 
gadro’s law, pe=c.RT, c. being the 
gas concentration in the cavity, R 
the universal gas constant, and T the 
absolute temperature. 

Where the included cavity volume 
is very small the pressure in the 


apparatus can drop to very low steady 
state values. This is the case in power 
cables with impregnated paper insu- 
lation and low pressures of a few psi 
absolute have been observed repeat- 
edly?. 

Conditions are different in sealed 
transformers, in which the gas-filled 
space is large and the pressure drops 
in the steady state caused by gas solu- 
tion are smaller. Many parameters 
contribute in sealed transformers to 
the steady state pressure variations 
with load. How these variations can 
be calculated was shown in a thorough 
investigation by Franklin?. 

Steady states after solution occur 
rarely in practice, because this is 
obtained only when a load remains 
constant for days on an apparatus. 
The load varies usually in 24-hour 
cycles and impregnant, cavities, and 
their pressure are all the time in a 
transient state. When lead is added, 
the temperature of apparatus in- 
creases causing thermal expansion. 
The thermal expansion of the impreg- 
nant is, by one order of magnitude, 
larger than that of the solid parts; 
and when the apparatus is sealed, the 
thermal expansion occurs on account 
of the volume of cavities and larger 
gas-filled spaces. 

For this reason, but also owing to 
the temperature increase, the cavity 
pressure increases and in the same 
proportion also the gas concentration 
in the cavities increases. This by 
Henry’s law, upsets the equilibrium 
with the gas concentration in the 
impregnant, and solution of cavity 
gas in the impregnant takes place. 
When load is taken off the apparatus, 
the reverse happens: the temperature 
decreases, the cavities increase in 
size, and gases come out of solution 
from the impregnant. 

The problem is to ascertain the 
rate-of-the-solution processes. It will 
be seen that these processes are 
relatively slow. Solution of gases or 
the opposite process occurs all the 
time during operation, and cavity 
pressures are generally subjected to 
continuous variations. 

The solution processes usually fol- 
low Fick’s law of diffusion, and the 
rate of these processes can be calcu- 
lated. According to Fick’s law, the 


flow density of gas diffusing in the 
impregnant is —A gradient Ce, L.e., 
it is proportional to the diffusion co- 
efficient A of the gas dissolving in the 
impregnant and to the negative gradi- 
ent of the gas concentration ce in the 
impregnant. 

The derivation of relations with 
Fick’s law for the time dependence 
of the gas concentration in cavities 
is usually involved. Figure 3 shows 
such a relation for an_ idealized 
cavity, imagined to occur between 
infinite plane, parallel liquid surfaces, 
d apart, when the liquid is supposed 
to extend on both sides to infinity*. 
This case has a practical bearing, as 
it describes approximately processes 
around lens-shaped cavities whose 
dimensions are small compared with 
that of the impregnant. 

The abscissa in figure 3 is the 


: Ay?d : 
expression art t being the 


time. The curve generally is applica- 
ble to cavities of varying thicknesses 
d and for varying solubility and diffu- 


eee aYe 

a2 
Figure 3, curve for the solution of the gas of a lens-shaped cavity in 
surrounding liquid. Upper curve, upper abscissae; lower curve, lower 
abscissae. 


At 


sion coefficients. The ordinates @ are 
defined by 
Com cs — PctPes 


Ceo—Ces Pco—Pcs 
where Cco and Peo are cavity gas con- 


centration and pressure at the be- 
ginning of the solution process, c, 
and p, the same in the transient state 
and c,; and pes the same at the com- 
pletion of the process in the state of 


c= 


equilibrium. 

Much information is obtained from 
the curve. It can be seen that the solu- 
tion (or the opposite) process is rela- 
tively rapid initially. The 50% stage, 
a = 0. 5, of solution is completed in 
a 12-times shorter time than the 80% 
stage, a—0.2 The time in which 
this latter stage is reached is obtained 
by reading for a = 0. 2, the abscissa 
x?=7. 0 and writing 


To realize the order of magnitude of 
duration t of these processes, let us 
choose for the parameters of the ab- 
scissae varying values of d, y = 0.075 
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Figure 4, duration of solution process as a function of cavity thickness. 


and X=5 X 10® inch?/sec, which 
are figures characteristic for the solu- 
tion of nitrogen in oil at operational 
temperatures of apparatus. With these 
data the family of curves of figure 4 
was obtained, where time as function 
of cavity thickness d is given for the 
parameters a=—0.2, 0.5 and 0.8 re- 
spectively, which correspond to stages 
of the solution process of 80%, 50%, 
and 20% respectively. 

This figure shows the great differ- 
ences in the speed of the solution proc- 
esses. While the process is completed 
in about a minute for 0.001 inch thick 
cavities, it takes 10,000 times more 
time (several days) around a 0.1” 
thick cavity. The same quadratic de- 
pendence exists also with respect to 
y and because y = 1 for COz in oil, 
the solution process occurs 


nt 2 
( 0.075 ) a 


times more rapidly than with nitrogen 
and the ordinates of figure 4 have to 
be divided by 177. 

Figure 4 cannot be applied directly 
to a sealed transformer. This case can 
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be idealized by gas diffusing from 
space d/2 thick into a liquid of a finite 
extension. The solution process is 
therefore somewhat quicker than for 
solution into infinite space; still it is 
apparent that the process in a sealed 
transformer would go on for years if 
the transformer was not in operation 
and the oil did not circulate. 


Small Cavities Vanish 


Where the impregnant circulates 
solution processes occur much quicker 
than when the liquid is at rest. But 
in impregnated proper 
(e.g., in condensers and power 
cables) circulation is small. In this 
case solution by diffusion has the con- 
sequence that the small cavities dis- 
appear. This important effect is pro- 
duced by several mechanisms: 


insulations 


1) The insulation contains cavities 
of various sizes. According to figures 
3 and 4 the gas from the small cavi- 
ties dissolves rapidly; that from the 
large cavities slowly. The pressure in 
the large cavities becomes, therefore, 
larger than in the small ones. This 


pressure difference is transmitted by 
the impregnant, and the large cavities 
expand on account of the small ones. 
The pressure in the small cavities in- 
creases and the solution process con- 
tinues until the small cavities have 
disappeared and the large cavities be- 
come enlarged by their volume. Sur- 
face tension acts also toward the 
disappearance of small cavities. 

2) The effect of forces of gravity is 
similar, and small cavities at the bot- 
tom of containers filled with impreg- 
nant tend to disappear. 

In addition to these effects, increase 
of the load and temperature of appa- 
ratus also can result in disappearance 
of cavities. This is especially the case 
in sealed apparatus with small cavity 
volume (e.g., power cables and con- 
densers) where the thermal expansion 
occurs on account of the cavity vol- 
ume. When the temperature is the 
largest permitted, usually only the 
largest cavities remain with their size 
much decreased but with increased 
gas pressure. 


Cavitation Can Be Harmful 


The disappearance of cavities is a 
favorable process for the life-time of 
the insulation, especially when care 
is taken that the Jarge cavities (whose 
volume increases) are located outside 
the electric field. Such a process oc- 
curs after manufacture. But on cyclic 
operation, an opposite process occurs 
with equal frequency, and new cavi- 
ties form in the insulation on cooling. 
Cooling is a harmful period to the in- 
sulation owing to corona in the nu- 
merous new cavities. These cavities 
form by the process of cavitation, 
which can be caused either by de- 
crease of the mechanical pressure in 
parts of the insulation or by increase 
of the voltage. 

Let us consider, first, reasons for 
the decrease of mechanical pressure 
and illustrate this by the behavior of 
a power cable on cooling. When a 
power cable has been on load for a 
long time only large cavities remain, 
such as under the sheath or in the 
conductor. The gases dissolved in the 
oil and in the cavities are in equilib- 
rium by Henry’s law, or in other 
words the oil is saturated with gas 
corresponding to a cavity pressure 


Pes» Shedding of the load causes cool- 
ing of the cable and contraction of 
impregnant and paper in the insula- 
tion. To fill the volume left by the 
contracting oil, the gas pressure pes 
in the cavities causes oil to flow into 
the insulation from sheath and con- 
ductor. This flow is opposed by vis- 
cous friction forces and in conse- 
quence the pressure in the impreg- 
nant of the insulation p, becomes less 
than that at the sheath and conductor, 
where it is approximately p,s. 

As the quantity of gas dissolved in 
the impregnant is proportional to the 
pressure p-s, the oil in the insulation 
becomes supersaturated with gas. 
Similar conditions of supersaturation 
can occur on cooling in any apparatus 
with impregnated insulations, and this 
state is conducive to cavitation. 


Cavitation is of great interest not 
only in this field, but also in lubrica- 


and _hy- 


draulic engineering. Yet cavitation is 


tion, physical chemistry, 


not completely understood*. It is well 
known that often only large degrees 
of supersaturations can induce cavi- 
tation, and the gases which enter the 
new, growing cavities are either gases 
coming out of solution, or vapors of 
the liquid. In the case of oil, vapors 
hardly play a role, because the vapor 
pressure of oil is extremely small at 
room temperature. 

The reason that large supersatura- 
tions are necessary for cavitation is 
due to the fact that work is needed for 
the creation of the surface of new 
cavities. It is thought that the forma- 
tion of new cavities depends upon the 
existence of small nuclei in the liquid, 
cavities forming relatively easily 
around these nuclei. The nature of 
these nuclei is not yet sufficiently clear 
but their existence is generally ac- 
cepted. 

The new cavities are of importance 
only if they can grow. The condition 
for this is simply obtained from the 
first equation by writing the inequal- 
ity 

Pc > Pe at as 
meaning that the gas pressure in the 
cavity is larger than the sum of the 
opposing pressure of the impregnant 


and of that due to the surface tension. 
Such a state arises when the pressure 


Pe in the impregnant drops to very 
low values owing, for example, to flow 
of impregnant and/or when the cavity 
has already a sufficiently large diam- 
eter. The growing cavities are filled 
was gases coming out of solution from 
the impregnant. 

The rate at which the new cavities 
grow can be ascertained only by in- 
volved calculations. Approximate es- 
timates of growth times can be ob- 
tained by making use of Figures 3 
and 4. Results of such calculations are 
given in the table for the duration of 
growth to 0.005 inch and 0.025 inch 


full size cavities®. 


Two cases are 
shown: in the first, oil is saturated 
with nitrogen at p.s; = 2.5 psia, but 
the pressure in the oil around the 
cavity is only pe = 0.5 psia; in the 
second case pes = 14 psia and p, = 
12 psia. 
Table of Growth Times. 
Cases pce—2-5epsia, De—0.5. psia 


Full size of Growth time, 


cavity, inch minutes 
0.005 2 
0.025 30 


Case pes=14 psia, pe=12 psia 


Full size of Growth time, 


cavity, inch minutes 
0.005 450 
0.025 10000 


The table indicates the durations 
involved in the formation of new cavi- 
ties; and when the pressure in the in- 
sulation is low, the process is rapid, 
and corona can start quickly. This 
points to an added disadvantage of 
low pressures in insulations; the other 
being the low corona inception volt- 
age. Other results of calculations show 
that the cavity growth time is propor- 
tional to the square of the diffusion 
coefficient, hence cavity growth is by 
two orders of magnitude more rapid 
in apparatus filled with CO, than in 
that filled with nitrogen. 

The newly formed cavities have 
mostly only a finite life-time. Once 
the cooling process is completed, the 
flow of impregnant stops and the pres- 
sure around the cavities increases. 
Then the processes reverse. Gases 
from the smaller cavities begin to dis- 
solve in the impregnant, the volume of 
the larger cavities increases on ac- 


count of the smaller ones, and _ ulti- 
mately the smaller cavities of the cool- 
ing process disappear. In accordance, 
the amount of corona decreases, and 
the loss angle of the insulation—which 
during cooling is large—-becomes 
smaller again. This is well known in 


practice. 


Cavities Due to Electric 
Field—Unexplained Phenomena 


As previously stated, cavitation is 
also caused by increase of the electric 


field. These 


have been known for many decades, 


important phenomena 
p p 


but no satisfactory explanation of 
their cause is yet available. This kind 
of cavitation can be easily observed 
in strongly supersaturated oil at pres- 
sures of a few psia. Already on the 
application of an electrical field of 
less than 10 kv/em bubbles can form 
in which no corona occurs. The elec- 
trical field adds its effect to that of 
pressure decrease in cooling appara- 
tus and enhances the chances of cavi- 
tation. Of course the working voltage 
is constant, and only mechanical pres- 
sure changes are considered when 
estimating cavitation in an apparatus. 
But large voltage increases on phase 
faults or switching surges of leag 
duration can lead to additional cavi- 
tation. 

What are the means that prevent or 
decrease the likelihood of cavitation? 
The first of them is well known and 
is a thorough degassing of the im- 
pregnant. This procedure is widely 
practiced in sealed apparatus. The 
second is the prevention of large pres- 
sure drops caused by flow of impreg- 
nant through use of low viscosity 
impregnants. The third is the use of 
impregnants with the least density of 
nuclei for cavitation. 

Little knowledge is available on the 
latter and that is empirical. Thus, it is 
known that highly refined oils cavitate 
much easier than less refined ones. It 
appears also that parts of the insula- 
tion, which were affected by corona, 
are apt to cavitate at relatively low 
supersaturations. 


Conclusion 


The picture which emerges from 
this short treatment on the behavior 
of cavities in impregnated insulations 
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Discover the advantages of GLASTIC | 


High Impact 
Strength 


GLASTIC Class B electrical insulation offers 
material savings, product improvement 


Save the cost of excessive thicknesses of phenolic laminates! 
Glastic Grade TS—as well as the 10 other standard Glastic grades 
—offers up to 20 times the impact strength of phenolic laminates. 
This high impact strength allows the use of thinner sections while 
still providing a higher factor of safety. Thinner sections mean 
outstanding material-cost savings. 


The Glastic engineering staff is ready to help you investigate the 
savings and product-improvement you may make by specifying 
Glastic fiber glass reinforced polyester laminates. Tell us your 
requirements; we'll send free samples for your evaluation. Or write 
for our new chart that lists 28 physical, thermal and electrical 
properties of 11 standard Glastic grades. 


THE GLASTIC CORPORATION 


4321 Glenridge Road Cleveland 21, Ohio 


Visit Glastic Booth No. 103-104 


at the Insulation Conference, Chicago, Dec. 5-8. 
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is complicated. Calculations of the 
changes in individual cavities are so 
involved that usually only approxi- 
mate ‘solutions are available, as illus- 
trated by figures 3 and 4 and the 
table. When the question arises, “How 
can the designer use the above for the 
estimate of corona in apparatus?”, 
the answer suggested is, “both in a 
qualitative and a quantitative man- 
ner.” The bases for the estimate are 
the Paschen curves for corona incep- 
tion voltage V;. The basic parameters 
determing V; are the kind of gas, the 
size of the cavities, and the gas pres- 
sure, and these are the data which 
the designer can choose. 

As shown, these parameters have 
interacting influences, and the choice 
of kind of gas, for example, does not 
influence V; directly but results also 
in changes of the processes of gas 
solution and cavitation and in the 
corresponding gas pressures, leading 
thus indirectly to changes in V;. Sim- 
ilarly, cavity size changes influence 
V; directly and indirectly due to the 
rate of pressure changes in the solu- 
tion and cavitation processes. These 
changes can be estimated with the 
help of the second equation and fig- 
ures 3 and 4 (for details, reference is 
made to the literature **). 

It was shown that in operation the 
three parameters are subject to 
changes all the time. The task of the 
designer should be to analyze these 
changes and estimate the limits of 
the changes in cavity sizes, pressures 
and kind of gas, and to alter the de- 
sign until satisfactory corona incep- 
tion voltages can be expected. 
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2000-HOUR TESTS IN THESE OVENS PROVE... 


Capacitors insulated with MYLAR’ offer 
long-lasting stability under heat and voltage stress 


Thousands of hours in Du Pont test 
ovens prove that varying voltage 
stresses at temperatures up to 150°C. 
have little effect on capacitors in- 
sulated with ““Mylar’’ polyester film. 
Values of capacitance, dissipation fac- 
tor and insulation resistance remain 
virtually unchanged. 

The reason— ‘‘Mylar’’ is much less 
sensitive to high temperatures, chang- 
ing humidity and aging than other 


This unique combination of properties gives ““Mylar”’ 


superior insulating performance. 


e Average 4,000 volts per mil dielectric strength 
(ASTM D-149). Average power factor of 0.002 at 60 


cycles. 


e Thermal stability from -60°C. to Class B range. 


e Chemical and moisture resistance. 


e Resistance to aging, abrasion, tearing and rotting. 


common insulating materials. The 
result—longer capacitor service life. 

Capacitors made with “Mylar” 
meet the highest standards of reli- 
ability, yet are frequently smaller 
and less costly than other units. 
Thinner insulation can be used, be- 
cause of the exceptionally high di- 
electric strength of “Mylar”. And 
“Mylar” reduces the need for costly 
encapsulation because of its remark- 


IN MOTORS — Insulation of “Mylar” 


cuts size and weight, improves moisture 


resistance . . at no increase in cost. 
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able resistance to moisture. 

Whether you manufacture or buy 
electrical products, you can get im- 
proved performance with “‘Mylar’’. 
And, figured on a square-foot basis, 
“Mylar” will often cost you less than 
your present material. For full facts 
on “Mylar’’, write for free booklet. 
E. I. du Pont de Nemours & Co. 
(Inc.), Film Department, Rm. No. 
14, Wilmington 98, Delaware. 


*“ Mylar’ is Du Pont’s registered trademark 
for its brand of polyester film. 
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Better Things for Better living... 


through Chemistry 


DU PONT 


MYLAR 


POLYESTER FILM 
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To meet stringent specifications for 


10 MONSANTO PLASTICIZERS 
properties plus compounding 


Ten Monsanto electrical-grade plasticizers can help you meet rigid standards for safe 
load-carrying capacity in wire and cable. They deliver highest properties consistently in 
electrical compounds and give you more “formulating flexibility” to compound for lowest 
cost—highest profits. Check the comparisons shown here, then write for more details, 
samples and compounding help from Monsanto’s Plasticizer Council. 


Consistent high quality, fewer rejects with Low-cost extender provides good electrical 
MONSANTO DIDP-E properties: HB-40 


MONSANTO DIDP-E 50 parts* 35 parts DOP* 


DOP 20 parts HB-40 
Dry slab, ohm-em. x 1013 7.6 18.9 


Megohms/1000 ft., #14 Wire 
24 hrs. @ 25°C 


ORDINARY DIDP 


24 hrs. @ 50°C 
1 wk. @ 50°C 
5 wks. @ 50°C 

12 wks. @ 50°C 


Water 
immersion 


V.R. x 1013 ohm-cm. 


*Formulation available on request 


56) 7a 8) 9 eee Ola Wemlpe 
Batch Numbers 


Dry-slab volume resistivity tests at 50° C on vinyl electrical Insulation resistance tests show that HB-40, blended with a 
compounds in commercial production show that Monsanto primary plasticizer, can actually increase electrical properties 
DIDP-E gives high, reliable results. See how Monsanto DIDP-E while it cuts formulation costs. 

can give your electrical wire and cable added reliability at no 

extra cost. 
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vinyl insulation... 


FOR SPT INSULATION: SANTICIZER 160, SANTICIZER 165, SANTICIZER 636, SANTICIZER 630, 
SANTICIZER 603, DIDP-E, DOP, HB-40, TCP 


FOR 60° T and TW INSULATION: SANTICIZER 160, SANTICIZER 636, SANTICIZER 630, DIDP-E, DOP, 
HB-40, TCP 


FOR 80° C INSULATION: SANTICIZER 636, DIDP-E, DOP, TCP 


FOR 90° C INSULATION: SANTICIZER 409, TCP, DIDP-E 


FOR 105° C INSULATION: SANTICIZER 409 


give consistently high electrical 
““flexibility”’ 


For permanence at high temperatures— 
SANTICIZER 409 


Electrical resistance tests show that SANTICIZER 409 gives 
high, consistently reliable properties compared with other 
plasticizers—yet is lowest in cost. 


Santicizer 409 Polymeric “A”’ 
Insulation resistance, 1 day 
megohms/1000 ft. @ 50° C 3.84 
Dry slab, ohm-cm. x 10!? 12.5 


2.45 
4.85 


High humidity doesn’t cause exudation of SANTICIZER 409 > 
as it does with some other polymerics. (See photo.) Vinyl- 
covered copper electrodes were immersed in water for 12 
weeks at 50° C. A reaction between the copper and the 
plasticizer in the vinyl shows as a greenish color on vinyl 
cover (above the copper conductor) which indicates exuda- 
tion and poor compatibility. The photo at top shows no 
reaction for SANTICIZER 409 while the electrode with 
polymeric ‘‘A”’ shows considerable discoloration. 


SANTICIZER, HB-40: Monsanto T.M.’s, Reg. U.S. Pat. Off. With no bias in favor of a sin- 


ee ee ea ea aL a EME) Gee ee 7 gle electrical-grade plasticizer, 
| { Monsanto develops plasticizing 
VITAL LITERATURE FOR Monsanto Chemical Company | systems aioskctdilorcdutonnitycus 
| ELECTRICAL COMPOUNDERS Organic Chemicals Division are Ca 
1 BULLETIN on SANTICIZER 160 Dept. PL-4, St. Louis 66, Mo. | 
BULLETIN on SANTICIZER 409 f : 
llet hecked here. 
| BULLETIN on SANTICIZER 630 Please send me the Technical Bulletins checke r | 
| BULLETIN on SANTICIZER 165 . | 
| O BULLETIN on SANTICIZER 636 AINE. oo ccc ccc ccs c ccc cecesesnvcesesecesscecoeces : 
O BULLETIN on SANTICIZER 603 (Olan Ponds 600550000 CUO DH ODN CDODDUD BUD USO0C000DODOOUD 
1) BULLETIN on MONSANTO DIDP-E aah 
| 1 BULLETIN on MONSANTO DOP INAAGGSS temic eitetetete eirilerelaierets ei claleioiela ve eiereisio/eteictn\e\nleloisisroiace | 
1 BULLETIN on MONSANTO TCP 
O BULLETIN on HB-40 (Chis cosdoa00 noone noaguanooo0n ZOMG ast Statew, seccnts sisi l 
mal 
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How THE CULIGORIES WIA nepeo 


BUILD A BIGGER SEALED, DRY TYPE TRANSFORMER 


Years ago, after consulting the Silicones Man, a 
major manufacturer designed and built one of the 
first big Class H, sealed, dry type transformers. 
Nitrogen-filled, the unit had what was a phenome- 
nal rating for dry types—1000 KVA, with a tempera- 
ture rise of 160°C —transforming 4160 volts to 440 
volts, three phase. 

The insulation which made this possible was 
UNIon CARBIDE R-620 Silicone Impregnating Var- 
nish —today, a standard of the industry. 

Now your Silicones Man continues to introduce 
more “firsts.” For example, UNION CARBIDE XR-65 
Silicone—a 100 per cent reactive resin—for Class H 


Unlocking the secrets of silicones 
Rubber, Monomers, Resins, Oils, Emulsions 


‘Bakelite’? and “‘Union Carbide”’ are registered 
trade-marks of Union Carbide Corporation. 


coils and electrical equipment. This new solvent- 
less resin cures in thick sections at temperatures as 
low as 125°C. Yet it meets AIEE 220°C. ratings, 
withstanding starting and surge loads involving 
temperatures up to 250°C. 

If you have not yet investigated R-620 and XR-65 
Silicone Varnishes for high temperature electrical 
applications, contact your Silicones Man for infor- 
mation. He has offices in many cities. Or write 
Dept. LI-6002, Silicones Division, Union Carbide 
Corporation, 270 Park Avenue, New York 17, N. Y. 
In Canada: Bakelite Division, Union Carbide 
Canada Limited, Toronto 7, Ontario. 


SILICONES 
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World-Wide Insulation Report—England 


Trends in Insulating Materials and Application, 
Particularly High Temperature Problems 


By H. Wood, Manager, Non-Metallic Materials, Rotax Ltd., London, England. 


Looking in retrospect at the de- 
velopment of electrical insulating ma- 
terials during the past 20 years, the 
first impression is one of utter con- 
fusion. 

This applies particularly to the 
development of high temperature 
materials for aircraft electrical ap- 
plications. The continuing improve- 
ments in design and performance of 
modern aircraft have created many 
problems, the foremost of which is 
to find materials which will with- 
stand high temperatures and con- 
tinue to behave satisfactorily, elec- 
trically. 

To add to the difficulties, the ma- 

terials, while being subjected to high 
temperatures and electrical and me- 
chanical stresses, must also be ca- 
pable of resisting attack from con- 
taminants such as hot synthetic ester 
base engine lubricants and refrigerant 
gases. 

However, closer examination shows 
that development has followed fairly 
clearly defined lines insofar as in- 
sulating materials have been repeat: 
edly discarded and new ones substi- 
tuted to keep pace with increasing 
temperature requirements. To  illus- 
trate this point, it can be said that 
prior to 1940, electrical equipment 
was not generally expected to operate 
at temperatures above 100°C. 

Subsequently, however, with the 
race for superior military aircraft, 
temperature requirements were in- 
creased by jumps of about 50°C, up 
to the present day requirements which 
are likely to be as high as 400°C. 


Table 1, B. S. I. Specification No. 2757 
Classification of Electrical insulating Materials 


Class 


Materials 


Operating Temp. 


(max. ) 


Me 90°C 
(formerly O) 

A T05>€ 

E 120° 


Cotton, silk, paper. Not impregnated. 


Cotton, silk, paper. Suitably impregnated. 
Combinations of materials which are ther- 
mally stable at 120°C for required period of 
time, say, phenolic impregnated paper, etc. 
Is07G Combinations of glass, asbestos, mica, etc. 
Suitably bonded. 

Glass, mica, asbestos, etc. bonded with ma- 
terials which permit satisfactory operation 
at the specified temp. (155°C). 

Silicone elastomer, mica, glass, asbestos, 
and combinations of these bonded with sili- 


150°C 


180°C 


cone resins. 


180°C. 


Porcelain, glass, mica, quartz, with or with- 


out an inorganic binder. 


Table 2, Varnished Glass Fabric 
Aged at 150°C, Effect on Thickness 


Aged 5706 Hours; 


Initial Thickness, % Reduction in 


Mils Thickness, Mils Thickness 
Alkyd 4.5 3.0 a 
Phenolic 4.9 3.0 39 
Asphalt 5.31 3.4 36 


1 on this page. 
An examination of specification 
No. 2757 will show how materials 


In an attempt to meet these condi- 
tions, British Standards specifications 
have been modified as shown in table 
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have changed from organics to in- 
organics with increasing tempera- 
tures. 

For the purpose of assessing long 
term heat aging effects, a considerable 
amount of work has been done with 
various materials. Table 2 and figures 
1 and 2 show typical results obtained 
when testing organic materials. 

Note that 150°C was the maximum 
temperature at which these heat aging 
tests were carried out. There were no 
real requirements to exceed that tem- 
perature until after 1945, when op- 
erating temperatures were pushed up 
to 200°C. This meant that for air- 
craft electrical equipment new insulat- 
ing materials had to be found and 
the earlier ones discarded. 

Because of the widely varying ap- 
plications, and in order to discuss 
specific requirements, it is necessary 
to define the various forms in which 


19000000 199000000 


100000,.0 


109000 


lo000 


MEGOHMS. 


MEGOHMS 


1900 


TEMPERATURE °C 


Figure 1, varnished glass fabric. Tem- 
perature effects on resistance of vart- 
ous materials (No. 1—alkyd, No. 2— 
bitumen, No. 3—asphalt, and No. 4— 
phenolic) aged as shown (A—no ag- 
ing, B—after 163 hours at 110°C, and 
C—after 1743 hours at 140°C). 


16 


12 | ‘PHENOLIC 


POWER FACTORY, 


1-0] | ASPHALT] 


os 


o6 


TEMPERATURE “C 


Figure 2, temperature effects on the 
power factor of varnished glass fabric 
004” to 005" thick after 1743 hours 
at 150°C. 
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they are used. 

These are as follows: 1) Round 
wire and strip conductor coverings. 
2) Varnish or resin impregnated sheet 
insulation. 3) Impregnating varnishes 
and other impregnating , mediums. 
4) Resin bonded glass laminates. 5) 
Molding materials having mineral 
fillers. 6) Sleevings. 

The subject of this work is the de- 
velopment of high temperature ma- 
terials and for this reason, in con- 
sidering the various applications as 
described above, no account will be 
taken of materials having maximum 
operating temperatures below 150°C. 


Round Wire and Strip 
Conductor Coverings 


No real progress was made with 
these coverings until the introduction 
of polyvinyl acetal enamel modified 
with phenol-formaldehyde resin. Al- 
though the manufacturers originally 
placed a limit of 110°C on this 
enamel, it was consistently run at 
150°C throughout the war years, and 
is being run at this temperature at 
the present time. After a period of 
about 10 years working at 150°C, 
the manufacturers relaxed their cus- 
tomary caution and raised the maxi- 
mum 


1302G; 


The introduction of silicones was 


operating temperatures to 


the first real move towards raising 
the operating temperatures above 
150°C and initial tests indicated that 
it might be possible to run silicone 
enamel covered conductors at 200- 
290.6. 

However, in order to improve the 
mechanical strength and adhesion to 
copper, it was necessary to modify 
the silicones by the addition of al- 
kyds. This reduced the operating tem- 
perature below the required figure 
and the gain in mechanical strength 
was not sufficient to justify the change. 
Subsequently, a new enamel covering 
was introduced and a useful life of 
200°C was claimed for it. The ma- 
terial was a _ polyester glycerol 
terephthalate and repeated _ tests 
showed that the claim was justified. 

The performance temperature-wise 
was at least 50°C better than poly- 
vinyl acetal enamel but it was less 
flexible, and adhesion to copper was 
inferior, An added difficulty was 


failure to stand up to heat shock 
after “edge on” bending of strip 
conductors. Figure 3 shows an ex- 
ample of the effects of heat shock 
after being subjected to 150° for 60 
minutes. 

Conductors having mineral cover- 
ings such as glass and asbestos are 
now available, but these materials 
are limited to certain applications. 

For instance, glass thread covering 
having no bonding medium is far too 
fragile for normal production han- 
dling, and therefore, it is necessary 
to employ bonding resin which im- 
mediately becomes the limiting factor 
from a temperature standpoint. Also, 
because of the ever present problem 
of weight restriction for aircraft ap- 
plications, space factor is another 
serious limitation. 

The same can be said of asbestos— 
which, in addition, is more hygro- 
scopic. In the US considerable efforts 
have been made to overcome tempera- 
ture problems, and it is possible to 
obtain from that country ceramic 
covered conductors having an outer 
covering of silicone elastomer or poly- 
tetrafluoroethylene (PTFE). These 
materials can be run at 250°C- 
300°C for useful periods of time but 
the applications must be carefully 
chosen. The ceramic covering is brit- 
tle, there is no adhesion to copper, 
and resistance to abrasion leaves much 
to be desired. 

Having regard to all the conditions 
which must be satisfied; ie., high 
temperature, chemical inertness in the 
presence of contaminants, electrical 
and mechanical strength, handling 
ability, and space factor, PTFE ap- 


Figure 
enamel, heat shock effect shown at 
“edge on” bend. 


3, polyester terephthalate 


pears at the moment to be the ma- 
terial which most nearly meets these 
requirements. 

Nevertheless, there are difficulties 
which must be overcome if full ad- 
vantage is to be taken of it. PTFE 
is an organic high temperature ther- 
moplastic. However, it does not have 
a true melting point as such. It 
vaporizes at 325°C, the rate of va- 
porization increasing with increasing 
temperature rise. In addition, “cold 
flow” characteristics must be accom- 
modated. 

Bearing these points in mind, this 
material must be suitably reinforced 
to reduce cold flow and should not 
be run at more than 270°C for ex- 
tended periods, or 300°C for rela- 
tively short bursts. Even then it is 
essential to consider space factor 
when embarking on new designs em- 
bodying this type of insulation. 

For applications above 300°C and 
up to 400°C, it is necessary to use 
anodized aluminum conductors and 
here again we are faced with difh- 
culties. The anodic film is brittle and 
porous and so far there is no really 
satisfactory method of joining alumi- 
num to copper. This applies particu- 
larly to aluminum conductors and 
copper and copper alloy commutator 
bars. 


Varnish or Resin Impregnated 
Sheet Insulation 


For aircraft electrical equipment 
it is generally necessary to specify 
insulating materials which are ca- 
pable of satisfactory performances 
often well above 150°C. For this rea- 
son materials such as cotton, paper, 
silk, and natural rubber cannot be 
considered. Therefore, we are left 
with woven glass fabric, asbestos 
sheet, mica, and silicone elastomer. 

When specifying woven glass or 
asbestos it must be kept in mind that 
in both cases it is necessary to apply 
a bonding medium which, of course, 
becomes the limiting factor on tem- 
perature. The choice of the bonding 
resin will depend on the end use 
temperature requirements. 

For instance, epoxy resins and poly- 
esters may be used up to 200°C, sili- 
cone resins up to 250°C, and PTFE 
up to 270°C or 300°C for short bursts. 


Silicone elastomer sheet may be used 


at 200°C to 250°C, and has the ad- 
vantage of being flexible. 

Mica, of course, may be run at 
very much higher temperatures, but 
is only slightly flexible and applica- 
tions must be carefully chosen. 


Impregnating Varnishes and 
Other Impregnating Mediums 


The performance demanded of air- 
craft electrical equipment, particu- 
larly rotating parts, is so exacting 
that satisfactory impregnation is es- 
sential. 

In addition to meeting temperature 
requirements, we have the added 
complication in rotating components 
of centrifugal force and, in the case 
of engine mounted equipment, con- 
tamination by hot synthetic engine 
oils and possibly refrigerant gases. 

Because we are concerned only with 
operating temperatures of 200°C and 
higher, we are again limited to poly- 
esters, epoxies, silicones, and PTFE. 
In order to achieve the best possible 
performance, vacuum impregnation 
is necessary, and when epoxies or 
silicones are used, the impregnating 
and baking may be carried out in 
accordance with the supplier’s recom- 
mendations. 

Epoxies and polyester resin var- 
nishes are satisfactory up to 200°C 
for useful periods and silicones up to 
250°C. Care must be taken to insure 
that the above contaminants are ex- 
cluded from equipment having sili- 
cone varnish impregnation. 

More recently, a 
amount of work has been done in the 
development of PTFE as an im- 


considerable 


pregnant. 

The introduction of new impreg- 
nants presents many problems and 
care must be taken to insure that 
everything possible is known of the 
disadvantages of the materials in 
question. 

In considering PTFE, we knew that 
the problem of “cold flow” had to be 
overcome; also, being fibrous, co- 
agulation was certain to take place 
during the impregnation 
process. In addition, because fluorine 
gas is given off at the required sinter- 
ing temperature, adequate ventilation 


vacuum 


had to be provided. 
Figures 4, 5, 6, 7, and 8 illustrate 
different applications and the measure 


Figure 4, aircraft jet engine starter 
motor armature, PTFE-glass-mica in- 
sulation. 170 hours at 270°C. 


Figure 5, nuclear stator for nuclear 
submarine, PTFE-glass-mica insula- 
tion. Max. 


300°C, 


operating temperature, 


Figure 6, section through nuclear 
stator showing depth of PTFE vacuum 
impregnation. 


Crtrts 


Figure 7, section through stationary 
field coil, PTFE-glass-mica insulation. 
Vacuum impregnation. 
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Figure 8, stator for industrial appli- 
cation, PTFE-glass-mica insulation. 


Figure 9, pole shoe insulator, epoxy 
resin bonded glass laminate. 


Fetescnors, ir) 


peor SEER G60 4, 
tbe EL 
~ pan thee 2, 


Figure 10, armature core slot box in- 
sulator, polyester resin bonded glass 
fabric. Note central separator in top 


150 hours. Badly blistered. 


Figure 11, molding in glass-filled modified phenolic. Aged at 200°C for 


end-view. 


of success which has been achieved 
with PTFE impregnation. 

Note that if it is decided to employ 
PTFE impregnation, it must be re- 
membered that the sintering tempera- 
ture is 360°C—370°C and care must 
be taken that other materials which 
may be used in the insulating system 
will not be adversely affected during 
the sintering process. This also ap- 
plies to any metal in the assembly. 
Resin Bonded Glass Laminates 


In manufacturing resin bonded 
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Condition satisfactory. 


glass laminates for high temperature 
applications, the same restrictions ap- 
ply to the choice of resins as previ- 
ously stated. 

The number of layers of glass 
varies according to specified thick- 
ness and the laminated material is 
produced by bonding the layers of 
woven glass fabric together by heat 
and pressure and using the specified 
resin. 

The uses of these materials are 
many and varied. To name a few, 


Figure 12, molding in glass-filled alkyd aged at 200°C for 150 hours. 


4 3 


there are end insulators for d-c ro- 
tating armatures, switch base insula- 
tors, transformer and coil bobbins. 
brush gear insulators, ete. 

More recently, there has been an 
increasing demand for special forms 
of resin bonded glass insulators, such 
as armature and stator slot insula- 
lors, and preformed pole shoe insula- 
tors. These insulators are being pro- 
duced by what is known as the “wet 
lay-up” method with specially de- 
signed tools and mandrels. It has 


been found that by carefully con- 
trolled methods, limits of .002” can 
be maintained on material thicknesses 
varying between .010” and .031”. 
Examples of components produced 
from specially formed laminates are 
illustrated in figures 9 and 10. 


Molding Materials Having 
Mineral Fillers 


In the search for high temperature 
molding materials, many problems 
have had to be overcome, including 
molding tool design and molding tech- 
niques; i.e., press speeds, cure times 
and temperatures, shrinkage, and 
cracking around metal inserts. In 
addition, in order to achieve the high- 
est possible stability under extremes 
of service conditions, much work has 
been done in post baking. 

Temperature again limits the choice 
of materials. The ones most gen- 
erally used are alkyds, epoxies, sili- 
cones, and mica filled glass. 

Alkyds and epoxies are used with 
a fiber glass filler and useful life at 
200°C is obtained. The plastic yield 
performance of epoxies at high tem- 
peratures is inferior to that of al- 
kyds, and therefore, alkyds are pre- 
ferred for applications where me- 
chanical strength is of major im- 
portance. 

Glass filled silicone moldings may 
be used at temperatures up to 250°C, 
but care must be taken to avoid con- 
tamination by hot synthetic engine 
oils, and because of the inherently 
poor bond, mechanical strength is not 
always adequate. Also, the cost is 
high, shelf life is relatively short, and 
molding processes are complicated. 

Moving towards higher tempera- 
ture requirements, we are compelled 
to consider inorganic materials and 
the best available at present is a com- 
bination of glass and powdered mica. 
This material is pelleted and sintered 
at 750°C and molded in tools which 
are heated to 350°C. 

Because the expansion coefficient is 
similar to metals, it is particularly 
suited for carrying inserts. However, 
the material is brittle and heavy, and 
for aircraft use moldings should be 
small and of regular cross section. 

Typical moldings and temperature 
effects are shown in figures 11, 12, 13, 


14, and 15. 


Sleevings 


Sleevings, in addition to having to 
satisfy electrical, mechanical, high 
temperature, and resistance to con- 
tamination requirements, must also 
remain flexible over service working 
temperature ranges. 

Early efforts to meet high tempera- 
ture needs brought about the intro- 
duction of braided glass sleeving 
which, because of the lack of elec- 
trical and mechanical strength, had 
to be impregnated with a conven- 
tional organic varnish, modified alkyd 
being a typical example. 

At heat aging temperatures of 
150°C and higher, this sleeving be- 


came brittle and frequent cracking 


Figure 13, glass filled-alkyd molding 
as received from mold and after ag- 
ing at 200°C for 500 hours. Although 
badly discolored, it is still serviceable. 


occurred. No real progress was made 
with this problem until silicone elas- 
tomer sleeving became available. 
The tear strength of silicone elas- 
tomer or “rubber” is not equal to 
that of other synthetic rubbers. or 
natural rubber, but this can be largely 
overcome by reinforcing with glass 
braid. Silicone elastomer sleeving will 
remain flexible at temperatures down 
to —60°C and up to a maximum safe 
working temperature of +-250°C. 
When specifying this material, con- 
sideration must always be given to 
the question of contaminants. If for 


any reason silicone elastomer cannot 
be used, PTFE sleeving is available 
in two forms: a) extruded, and hb) 


glass braid bonded with PTFE dis- 


Figure 14, glass filled alkyd molding 
as received from mold, broken to 
show formation of glass fiber filler. 
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THERMOSETTING MOULDING MATERIALS | 
50) 4 + + T 


TEMPERATURE °C 


Figure 15, temperature effects for some thermosetting molding materials. 
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persion. The temperature range is 
somewhat wider than that of silicone 
elastomer, but both versions are much 
less flexible and more difficult to ma- 
nipulate in confined spaces. However, 
PTFE resists attack by hot engine 
oils and all organic solvents. 


Future Requirements 


The foregoing brief account draws 
attention to a few of the problems 
which have been encountered in ar- 
riving at present conditions. In con- 
sidering future trends, we are con- 
fronted with the problem of finding 
materials capable of useful operation 
up to 400°C. This immediately ex- 
cludes the use of all known organic 
materials. 


Conductor Coverings 


An attempt has been made by 


Figure 16, anodized aluminum clad 
copper conductor. Diameter of cop- 
per, 0076” Photograph 265 X. Cour- 
tesy of London Electric Wire Co. and 
Smiths Ltd. 


Figure 17, switch box and cover 


of preformed alumina sintered at 
1650°C for nuclear application. Op- 
erating temperature is 500°C, 
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London Electric Wire Company and 
Smiths Ltd. (England) to extrude an 
aluminum covering onto copper wire, 
the object being to anodize the alumi- 
num, thus forming a mineral insula- 
tor on the copper. a 

Remarkable consistency of thick- 
ness of covering was achieved, but 
during extrusion the copper became 
work hardened and brittle and the 
anodic film was porous and brittle. 
Figure 16 shows a cross section of 
the conductor. 


Molding Materials 


Until quite recently the material 
most suited for operation at 400°C 
and higher temperatures was alumi- 
num oxide. 

Almost any design of component 
can be produced by preforming and 
sintering. The sintering temperature 
is in the region of 1650°C. 

The main difficulties with this ma- 
terial are shrinkage during sintering 
and hardness and lack of flexibility 
after sintering. In the sintered condi- 
tion, machining is virtually impos- 
sible except by diamond wheel. AlI- 
though very little of this material has 
electrical 
equipment, it is finding an outlet in 


been used for aircraft 
nuclear applications. Figure 17 shows 
a small switch box which is being 
produced in limited numbers for op- 
eration at 500°C. 

The latest molding material to 
come up for evaluation is an asbestos 
filled phosphorous resin, which it is 
understood has been developed in the 
US. It is molded at 300°C and pre- 
liminary tests show that it appears to 
be unaffected after being subjected 
to 400°C for 7 days. In the molded 


condition it is black in color and has 


Figure 18, phosphorous resin asbestos 
filled disc molded at 300°C. Section 
shows crack caused by trapped gases. 


a distinctly mechanical ring. Elec- 
trical breakdown and water absorp- 
tion tests are at present disappointing. 

However, it must be mentioned that 
a really satisfactory molding tech- 
nique has not yet been developed in 
England, and initial test results could 
thus be misleading. At the molding 
temperatures of 300°C there is con- 
siderable gassing and fuming which 
prevent the molding from becoming 
really consolidated. This could well 
affect water absorption and electric 
strength. Modification to the ventila- 
tion of the tool will probably help in 
this direction. 

Figure 18 shows the mark of the 
cavity created by trapped gas. 


Impregnants 


In considering impregnants for op- 
eration at more than 400°C, a com- 
pletely new approach must be made 
as it appears that success is most 
likely to be achieved with low melt- 
ing point glass having a_ gradual 
softening temperature range and with 
a suitable filler. 

Much work will have to be done in 
the development of a material which 
will be capable of withstanding heat 
shock at sub-zero temperatures, and 
the long softening temperature range 
must be such that expansion co- 
efficients of metals can be accom- 
modated without cracking, while all 
the time being sufficiently tough to 
withstand centrifugal force over the 
required working temperature range. 
The filler must be of such nature as 
not to obstruct impregnation and also 
to provide a “cushion” against crack- 
ing due to heat shock. 


Summary 


In this article an attempt has been 
made to show some of the problems 
which have had to be overcome in 
developing insulating materials for 
aircraft high temperature electrical 
equipment. 

Attention is also drawn to the 
problem of finding materials capable 
of working at the anticipated higher 
temperatures of the not too distant 
future. 

It is reasonable to assume that work 
done on aircraft is going to be in- 
valuable in dealing with nuclear 
applications. 
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In Arctic cold... 


General Electric Silicone Fluids offer reliability from —65°F to 
400°F as liquid dielectrics and heat transfer media in aircraft, 
missiles and ground installations. Excellent dielectric properties 
are virtually unchanged over wide ranges of temperature and 
frequency. 


or missile heat... 


G-E Silicone Rubber Insulation is used in missiles and space 
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ance to temperature extremes, moisture and ozone and its long- 
time stability in storage. 
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World-Wide Insulation Report—Germany 


Solvent Resistance of Enamelled Wire 


By Karl Schmidt, Dr. Beck & Company GMBH, Hamburg, Germany. 


The question of the suitability of 
enamelled wire for the construction of 
sealed refrigerator units is coming 
more and more to the fore. Two fac- 
tors are of particular importance in 
assessing the suitability of a given 
enamelled wire: the nature of the 
enamel solids, which decides the prop- 
erties, and the method of application. 

By judicious choice of application 
and baking conditions, it is possible 
to develop an optimum resistance of 
the enamels to the solvents. In the 
course of this article, we shall try to 
demonstrate what properties are in- 


most cases, phosphoric acid is used 
for stripping. Other methods specify 
the use of formic acid. 

According to BSS 1844:1952, sul- 
furic acid is used. Table 1 shows the 
effect of these acids, and we note that 
increasing amounts of copper go into 
solution as the time of contact with 
the acid increases. 

The safest method, in our opinion, 
appears to be “burning off” followed 
by quenching in methanol. Bare wire 


Table 1—Treatment of Copper Wire with Acids 
{Percent Weight Loss) 


and stripped wire (> 0.2 mm dia.) 
both gave 0% loss as a well repro- 
ducible figure. It is, therefore, par- 
ticularly important in extract deter- 
minations to pay attention to possible 
sources of error arising from the 
stripping of the enamel coating. 


Toluene-Methanol Extraction (Cold) 


Table 2 gives the results obtained 
for toluene - methanol extractions, 


which were carried out in duplicate. 


herent in the various enamels and to Treat- Phosphoric Formic Sulfuric Sulfuric 
what extent these may be modified by ment 85% 98% 96% 100% 
a variation in application and baking Time lmm 0.3 mm 1 mm 03mm Imm 41mm 
conditions. 3 Secs. 0.007 a 2ST 016 5.6 1.46 
Types of Wire Enamel Studied Increase 
: 10 Sees. 0.007 0.012 + 0.003 0.008 1B 35% 12.47 

Altogether, four different types of 30 Secs. 0.008 0.011 +0.004 0.026 20.2 318 
wire enamel were investigated. 60 Secs. 0.012 0.097 +0.004 0.024 

1) A terephthalic acid polyester 3 Mins. 0.016 0.32 +0.001 0.027 
enamel. 10 Mins. 0.038 +0.002 0.021 


2) A Desmodur/Desmophen (DD) 
enamel, the ester component of which 
has a relatively high phthalic acid 
content. 


Burning and quenching in Methanol: No loss in weight of copper for bare 
wire and enamelled wire. 


Table 2—Percentage Values for [Cold) Toluene-Methanol Extraction 


3) A superpolyamide-DD-phenolic 
resin. 

4) A polyvinyl formal-phenolic 
resin combination, similar to an 
American formulation. 

The test wires were first coated 
under optimum conditions. Next, the 
oven temperature was, in one case, 
raised by about 30°C and, in another, 
lowered by about 30°C—the drawing- 
off speed remaining about the same. 
One series was given a thin coat ac- 
cording to the German Specification 
DIN 46453, sheet 1, while a heavy 
coat was applied in the other series: 

Thin Heavy 
coat coat 

up to 1 mm dia. 50210 85u+ 20 

0.3 mm dia. 2545 43y+10 

A great variety of methods have 
been suggested for the removal of the 
enamel for determinations of the ex- 
tract, thickness of coating, etc. In 


—Thin Covering— —-Heavy Covering— 


Tolu- 


Terephthalate light 
normal 


dark 


1 mm 


Meth- 


To- Tolu- Meth- To- 
anol tal ene anol tal 
ol! 0 Soll 

119 OAS ao 
Oso 0.73 


420°C 
450°C 
480°C 


DD-Enamel 


(pure) 
1 mm 


tends to cold craze 


light 
normal 


dark 


Polyamide 
DD-Phenolic 
Resin, 1 mm 


1.2 2.1 Zak 
WL) 2.99 


10.6 5.38 | 


Polyvinylformal- 
Phenolic Resin, 
1 mm 


normal 


Terephthalate light 
normal 


dark 


0.3 mm 


light 
normal 
dark 


Polyamide 
DD-Phenolic 
Resin, 0.3 mm 


on 


SS ooo es =& 
ee 


bo 
S 
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The results for the first four materials 
listed are for 1 mm enamelled wire 
and those in the last two listings are 
for 0.3 mm wire. Only some of the 
thin wire was tested. The data for the 
thin coats are given on the left and 
that for heavy coats on the right. We 
see that in the case of a thin coat of 
terephthalate enamel there is no at- 
tack from either the toluene or 
methanol, when the enamel is baked 
under normal baking conditions or 
under conditions resulting in a light 
color. 

Enamel baked to a dark color shows 
some attack by toluene but is still un- 
affected by methanol. A somewhat dif- 
ferent situation is encountered with 
heavy-coated wire. The values of the 
extract are higher. We find quite often 
that a heavy-coat is more sensitive to 
all kinds of attack than a thin-coat 
enamel. 

It is interesting to note that the ex- 
tract values of heavy-coat enamels 
decrease with increasing baking tem- 
peratures. This applies particularly 
to the toluene extract. We find quite 
generally for terephthalate enamel 
that, if it is at all affected by solvents 
as a result of incorrect baking condi- 
tions, it tends to be attacked more by 
aromatic hydrocarbons—a phenome- 
non which has its origin in the aro- 


matic character of terephthalic acid. 
The second horizontal section con- 
tains the results of the investigations 
of DD enamel, which consists only of 
ester and isocyanate. 

Since the condition of the baked 
DD enamel cannot be judged by col- 
or, we have reported the actual bak- 
ing temperatures. Raising the baking 
temperature of the thin-coat enamel 
results in an increase of both the 
toluene and the methanol extracts. It 
is known that, when DD enamels— 
which are by nature sensitive to in- 
correct baking conditions—are baked 
at too high a temperature, they start 
to decompose in the way a macro- 
molecule depolymerizes. The decom- 
position products often behave like 
plasticizers and are, therefore, ex- 
tracted by solvents. 

Unfortunately it was not possible to 
test a heavy-coat enamel because of 
its marked tendency to craze (cold 
check). The third horizontal  sec- 
tion contains results for the very much 
used combination of polyamide with 
DD and phenolic resin. The relatively 
high numerical value of the toluene 
and methanol extracts of enamel 
baked to a dark shade is probably due 
to the DD component. Otherwise, we 
noticed, especially in the case of 
heavy-coat enamels, a greater sensi- 


tivity to alcohols (polyamide com- 
ponent). Unfortunately, the only type 
of polyvinyl formal-phenolic resin 
enamelled wire at our disposal was 
that baked under normal conditions. 

We noticed a relatively high sensi- 
tivity to aromatic hydrocarbons and 
a good resistance to methanol. The 
situation in the case of the 0.3 mm 
enamelled wire is the same as for the 
1 mm wire, with the possible excep- 
tion of terephthalate, which shows an 
increased resistance to extraction. The 
polyamide combinations, on the other 
hand, yield values analogous to those 
for the 1 mm wire. 


Hot Methanol Extraction 


Here again we have divided the 
enamels into thin and heavy-coated 
types. In table 3, the left column 
under each heading gives the results 
obtained under drying conditions as 
specified in the American method; i.e, 
10 minutes at 150°C; while the right 
column refers to drying for 24 hours 
at 1508G 

About 50% of the samples tested 
gave an increase in weight on drying 
for 10 minutes at 150°C. Only in the 
case of the polyvinyl formal is there 
no difference between drying for 10 
minutes or for 24 hours. We will, 
therefore, base our evaluation of the 
test results on the 24-hour drying 


period. 

Terephthalate thin-coat enamel 
gives an extract figure between 0 and 
0.32%. The higher figure obtained 
for the thin-coat enamel film is some- 
what surprising and difficult to ex- 
plain. It would, therefore, be advis- 
able to repeat the test. The general 
level of the values, on the other hand, 
is quite low. We know that terephthal- 
ates are noted for their alcohol resis- 
tance over a wide range of baking 
conditions. Apart from this figure 
of 0.32% we do not find any signifi- 
cant differences for any set of baking 
conditions for either thin or heavy 
enamel films. 

The DD enamel could not be in- 
cluded in the results because of the 
tendency of the heavy-coat enamel 
film to craze and the extraordinary 
solvent retention shown by the thin- 
coat enamel, which could not be dried 
to constant weight even in 24 hours. 
Drying for periods longer than 24 


Table 3—Percentage Values for Methanol Extraction (Hot) 


Heavy Covering 
10 min. 24 hrs. 
+-0.7 0.075 
+4.1 0.08 

+0.11 0.03 


Thin Covering 

10 min. 24hrs:. 
light +0.7 0 
normal 0.1 0.32 
dark Olt 0.10 


constant weight 
not attained 


Terephthalate 


1 mm 
DD Enamel 


420°C 
450°C 
480°C 
light 
normal 


dank 


tends to cold craze 
1 mm 


. softened 
softened 
softened 


softened 
softened 


Polyamide- 
DD-Phenolic 
Resin, 1 mm 


Polyvinylformal- 
Phenolic Resin, 
1 mm 


Ab erephthalate 


normal 


light 
normal 
dark 
420°C 
450°C 
light 
normal 
dark 


+ 0.08 OsbT 


0.3 mm 
DD-Enamel 
0.3 mm 
Polyamide-D D- 
Phenolic Resin, 
0.3 mm 


4.35 4.35 
one eo 
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hours at 150°C may have to be re- 
garded as aging, and the additional 
weight losses could then be due to 
thermal treatment. 

In the case of polyamide combina- 
tions, we noticed (as is already 
known) that they are particularly 
sensitive to hot alcohol. The boiling 
methanol softens the enamel so much 
that testing becomes impossible. Only 
the thin-coat enamelled wire, baked 
to a dark shade, was still measurable. 
The more favorable behavior of this 
enamel may be explained as being 
due to the more advanced state of 
cure of the phenolic resin and its for- 
tifying effect on the structure of the 
enamel. The polyvinyl formal com- 
bination has already been discussed. 
It is worth noting thai it gives a sur- 
prisingly high extract figure. The ex- 
tract figures obtained for 0.3 mm wire 
are comparable with the values for 
1 mm terephthalate-enamelled wire. 

The values of DD enamel are sur- 
prisingly very low. We did, however, 
mention that we chose an ester based 
on a high proportion of phthalic acid. 
Such esters are known to have good 
resistance to alcohols. In addition, the 
tendency to crazing of the thinner 
gauge wire is also lower. Hairline 
cracks may, however, cause the ab- 
sorption of solvent into the enamel 
layer by capillary effect. 

The values for polyamide combina- 
tions are lower for 0.3 mm wire than 
for 1 mm wire. This shows that ade- 
quate cure is possible for the thinner 
layers. Even these values do, however, 
remain open to doubt in an assessment 
of the suitability. A comparison of the 
values obtained in the methanol ex- 
traction for the thin and heavy enamel 
films shows no significant differences. 


Trichlorethylene Extraction 
{According to Bosch) 


In table 4, the spread in the values 
for terephthalate thin and_ heavy 
enamel films—within the limits set 
by light, normal, and dark—is rela- 
lively small. Thin-coat enamel, baked 
under normal conditions, has a tri- 
chlorethylene extract of 0.89% and 
is, therefore, well within the useful 
range. 

The DD enamel has surprisingly 
low trichlorethylene extract values. 
An abrupt change is noticed for the 


Table 4—Percentage Values for Trichlorethylene Extraction [Bosch Method] 


Thin Coat Heavy Coat 


Terephthalate light 1.07 175 
1mm normal 0.89 122 
ie : See dark 1.16 EUS 
DD-Enamel 420°C PRES 1.02 
1 mm 450°C a3 0.24. 
ee 480°C 1.04 0.36 
Polyamide-D D- light TPO 13] 
Phenolic Resin normal 0.76 (0.76 
1 mm f dark DeSyIh 2.06 
Polyvinylformal- 7 : ; = 
Phenolic Resin normal 4.33 — 
1 mm 
Terephthalate light roa 0.87 
0.3 mm normal 0.98 0.60 
. dark 1.79 1.63 
DD-Enamel 420°C 0.65 = 
0.3 mm 450°C eS 2 = 
Polyamide-D D- light 0.93 1.26 
Phenolic Resin normal 3.89 1.35 
0.3 mm dark 2.41 


Table 5—Freon-I2 Extraction Percentage Values 


Thin Coat Heavy Coat 

Terephthalate light 0) 0 

normal 0 0) 
1mm dark 0 ) 
DD-Enamel 420°C 0) 0 

450°C 0.16 0.07 
1 mm 480°C 0.24 0.13 
Polyamide-D D- light 0.23 0.07 
Phenolic Resin normal Onhz 0.09 
1 mm dark 0.03 0.14 
Polyvinylformal- 
Phenolic Resin, normal ) _ 
1 mm 
Terephthalate light 0 0 

normal ) 0 
0.3 mm dark 0) 0 


enamel baked at 480°C, indicating 
that the enamelled wire has been over- 
cured. In comparison, the highest ex- 
tract value for the heavy-coat enamel 
was found at the lowest baking tem- 
a clear indication that the 
under-cured. For the 
heavy-coat enamel there is, there- 
fore, a general shift of the level of 
baking temperatures in the direction 


perature 
enamel was 


of higher temperatures. 

We shall see from other examples 
that the tolerance of DD enamel for 
deviations in baking conditions, too, 
is somewhat larger for the heavy-coat 


enamel; i.e., there is a broadening of 


the range of baking conditions with 
increasing thickness of enamel. 

Polyamide combinations, too, have 
quite useful extract values, with the 
exception of the “dark” baked enam- 
elled wire. 

The results of the trichlorethylene 
extraction are, therefore, the very 
opposite of those of the methanol ex- 
traction. Polyvinyl formal enamel has 
a high extract value of 4.33%. 

Terephthalate-enamelled wire of 0.3 
mm diameter yields extract values 
similar to those of the 1 mm wire with 
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Table 6—Comparison of Percentage Value Results of the Four Extraction Methods 


Wire Thin Coat 
Dia., 1 mm To. Me. 
Terephthalate 0) 0 
DD-Enamel 13 0.98 
Polyamide 
Combination 0 0 
Polyvinyl- 
formal 
Combination 4.75 


the exception of the “dark” sample 
which has a higher value than ex- 
pected. Because of lack of time, we 
did not extend our investigations to 
heavy-coat enamelled wire of 0.3 mm 
diameter. 

The polyamide-DD-phenolic resin 
is even more 
sensitive to over-curing in the case of 


combination enamel 


the 0.3 mm wire than it was for the 
1 mm wire. 


Freon-12 Extraction 


Table 5 gives the results of Freon- 
12 extractions carried out according 
to the method of Steinle. No material 
is extracted from terephthalates for 
the entire range of baking conditions. 

In the case of DD enamel the ex- 
tract value increases with increasing 
baking temperature for both thin and 
heavy coats. In this instance, too, it 
is to be assumed that decomposition 
products resulting from overheating 
are being dissolved in the course of 
the extraction. The Freon-12 extrac- 
tion, too, shows that the heavy coat 
has a wider permissible range of bak- 
ing temperatures. 

The polyamide combination _be- 
haves in just the opposite way, the ex- 
tract value becoming less as the bak- 
ing temperature is increased. The ef- 
fect of the DD is presumably can- 
celled out by the additional rigidity 
imparted to the structure by the pro- 
gressive curing of the phenolic resin. 
This characteristic is especially evi- 
dent in the thin coat, whereas for 
the heavy coat the amount of ex- 
tracted material remains very nearly 
constant, with the exception of the 
dark, over-baked sample which gives 
a somewhat higher figure. 

. The one and only sample of poly- 
vinyl formal examined showed very 
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Toluene-Methanol 


—Methanol— 
Heavy Coat Thin Heavy 
To. Me. Coat Coat 
1.19 0.18 0.32 \«* 0.08 

— os noloss cold 

in wt. checked 
0.65 1.9 softened 

aya) 


good resistance to Freon-12. Of the 


0.3 mm wire, only the terephthalate 
was tested; as for the 1 mm wire, no 
extract was recorded for the entire 
range of baking conditions. 


Results 


Table 6 summarizes the results of 
the four extraction methods for com- 
parison, taking in each case the 1] 
mm wire—with thin and heavy coats 
of enamel—baked under normal con- 
ditions. The values for the terephthal- 
ates present a very good picture. The 
trichlorethylene extract values for the 
heavy coat are, however, a little too 
high. It remains to be tested whether 
the baking conditions applied are the 
optimum conditions for the wire. 

The DD-enamel is rather sensitive 
to the toluene-methanol extraction 
test and fails completely as a heavy- 
coat enamel because of crazing. Ex- 
traction with hot methanol, too, is un- 
satisfactory because of the tenacious 
retention of solvent which, besides 
softening the film, renders the attain- 
ment of constant weight conditions 
impossible. The trichlorethylene ex- 
tract values are excellent; the Freon- 
12 values of the thin coat are, how- 
ever, too high. 

The behavior of the polyamide- 
combination enamel in the cold tolu- 
ene-methanol extraction test is good 
in the case of the thin coat, the heavy 
coat being sensitive to alcohol. Hot 
methanol softens up the enamel com- 
pletely. Trichlorethylene extract fig- 
ures are good, while the Freon-12 
figures tend towards those for the 
DD; i.e., the extract values for the 
thin coat are too high. 

Polyvinyl formal combinations 
show a very high loss of substance in 
the toluene extraction but are unaf- 


Trichlorethylene © ——Freon-12— 
Thin Heavy Thin Heavy 
Coat Coat Coat Coat 

0.89 1.22 0 0 
0.33 0.24 0.16 0.07 
0.76 0.76 0.17 0.09 


fected by cold methanol. Hot meth- 


anol, on the other hand, leads to a | 


rather appreciable extract of 3.3%. 
The trichlorethylene extract at 4.33% 
is large, too. The Freon extraction of 


0% is good and comparable with » 


terephthalate. 
A critical assessment of the situa- 
tion shows that—while individual 


enamels show remarkable resistance 


to individual solvents—only tereph- 
thalate presents a balanced, often ex- 
cellent—but always usable—level of 
resistance to all the solvents. 
Normally, the suitability of enam- 
elled wire for refrigerator units is 
evaluated by means of accelerated 
tests. There is a large number of such 
tests, in addition to those described. 


The accelerated tests are usually sup- — 


plemented with functional tests in 
which the unknown insulating wire- 
enamel is submitted to a long-term 
test under service-like conditions. 
Periods of 6 to 12 months are not un- 
common. 

As chemists and manufacturers of 
enamels, we are, in addition, inter- 
ested in any measurable change in 
properties which the extracted wire 
may have undergone. Comparative 
tests, such as the methanol-toluene or 
the hot methanol test, are not suitable 
for this purpose, since they are not 
related to service conditions. Con- 
siderable interest does, however, at- 
tach to the changes which occur dur- 
ing or after the treatment with tri- 
chlorethylene or Freon-12. To assess 
the effect of such treatment, we have 
—in another article—made use of the 
results of measurements of tan § at 
various temperatures. * 
*Schwldl, Kl “the Solvent Restauace 'oe Waceeley 


Wire,” Electrical Insulation, no. 9, pp. 48-61, Dr. Beck 
& Co. (England), London (1959). 
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your finger on the right plastic faster 


1S grades of Vulcanized Fibre... 


This will give you an idea of how 
surely National can help you pin- 
point exactly the plastic you want. 
National has the broadest line in 
the industry, including standard 
forms, precision - fabricated parts, 
and a huge stock of many grades 


fast help, samples, or more informa- 
tion, contact your nearby NVF sales 
office. You’ll find the phone number 
in Sweet’s Product Design File 
2b/Na. Or write NVF, Dept. T, 
Wilmington, Del. It’s a direct line 
to the one best material per dollar 
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Insulation in Canada 


World-Wide Insulation Report—Canad 


By V. R. Mulhall and L. P. Mahon, Engineering Laboratory, Canadian General Electric Co. Lid., Peterborough, Ontario, 


Canada. 


Canada is a land in which 60% of 
the population, concentrated in 1% 
of the land mass, produces 80% of 
the total secondary manufacturing. 
The total population is too small to 
support “American-sized” plants, or 
even to support heavy industry on 
both East and West Coasts, yet it is 
too thinly scattered across the conti- 
nent for economical long haul trans- 
portation. 

In this environment, the population 
and industrial centers have placed 
heavy reliance on the availability of 
_ cheap and abundant electrical energy. 
Canada’s central station industry has 
approximately doubled its output of 
electrical energy every 12 years since 
1900. In comparative world figures, 
Canada stands fourth in total produc- 
tion, being exceeded only by the 
United States, the USSR, and the 
United Kingdom. On the other hand, 
Canada’s total annual power genera- 
tion, on a per capita basis, amounts to 
6000 kwh, compared with 45 kwh in 
the U.S. By this measure, Canada 
ranks second in the world, being 
exceeded only by Norway. 

Now, as the last immediately avail- 
able water power sites are being fully 
exploited, more attention must be 
directed toward long distance trans- 
mission from more remote sites, and 
toward coal-fired and atomic-fueled 
thermal generation. 

These circumstances have dictated 
that technological development in the 
electrical industry in Canada be di- 
rected along specific and often novel 
paths. The major Canadian electrical 
manufacturers have become world 
renowned in the efficient design and 
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manufacture of hydraulic generators, 
and have long been disciples of high 
voltage transmission. Intense develop- 
ment is in progress on atomic-fueled 
thermal generating stations, the first 
of which is expected to be in oper- 
ation in 1961. The design and manu- 
facture of fossil-fueled thermal gen- 
erators in Canada is now in progress. 

Canadian electrical manufacturers 
frequently find themselves in an awk- 
ward position relative to their United 
States Much of this 


stems from their geographic and eco- 


counterparts. 


nomic proximity to the United States. 
It is further complicated, however, by 
a government import tariff policy 


which offers little protection to the 


electrical industry. Thus, this indus- 
try now frequently finds itself in a 
squeeze play between American tech- 
nical innovation and low cost Euro- 
pean conventional equipment. 

Technical innovation, originating 
in the United States, presents a chal- 
lenge to Canadian manufacturers to 
offer similar developments to their 
customers. An example of this is the 
current emphasis on sealed insulation 
systems for motors. Perhaps it is more 
correct to say that the alert Canadian 
customer, kept informed by the peri- 
odical press, and also by personal con- 
tact with US manufacturers and users, 
expects such technical innovations. 
The Canadian manufacturer is thus 
forced to provide them or lose his 
position as a progressive supplier. 

It is, however, not infrequently a 
great challenge to the Canadian man- 
ufacturer to incorporate such innova- 
tions into his product. The principal 
difficulty arises because of the com- 


paratively small volume of business 
available to him in relation to that 
available to the US producer. High 
volume tooling, for example, may rep- 
resent a substantial element of unit 
cost. Regularly, the Canadian mani- 
facturer must utilize lower volume, 
lower cost facilities, and such subst:- 
tutions are often ingenious. For in- 
stance, epoxy resins cast in low cost 
molds often replace pressure molded 
parts. 

In addition, the smaller Canadian 
market regularly precludes the manu- 
facturing of a full range of products 
necessary to cover a multitude of spe-{ 
cialized applications. It is frequently, 
necessary to employ judicious com- 
promise and to make a few designs 
serve a maximum number of appli- 
cations. This approach often calls for: 
the development of distinctively Cana- 
aimed at 
optimization and economy. The au- 


dian insulation systems 
thors’ company, for example, is suc- 
cessfully marketing in a wide range 
of sizes a motor having a dip-coated, 
epoxy-sealed insulation system; while 
our parent company, in three decen- 
tralized departments, employs three 
different systems. Each of their sys- 
tems, however, serves a more special- 
ized and restricted range of produtts 
peculiar to their respective product 
marketing areas. ; 

The European electrical manufac-- 
turers have, within the last few years, 
emerged as a further complicating 
factor so far as the Canadian electrical 
manufacturer is concerned. In offer- 
ing products of generally equivalent 
quality at prices sometimes as much) 
as: 30% below the prevailing Cana-- 


dian level, they have placed a tre- 
mendous pressure on Canadian pro- 
ducers to lower costs in order to main- 
tain market position. 

Such pressures naturally extend 
into the field of the insulation engi- 
neer where the careful choice and 
prudent application of insulating ma- 
terials have enabled Canadian-de- 
signed products to meet the chal- 
lenge of imports from lower cost areas, 
despite the absence of an adequate 
protective tariff barrier. 

One measure of the results of these 
efforts is available in the 1959 statis- 
tics regarding hydroelectric genera- 
tors installed in Canada. It is indi- 
cated in these that. to date, Canada 
has 19 million kw of installed capacity 
compared to 32 million kw in the 
United States, and of the Canadian 
figure, 93% of the generating equip- 
ment was designed and built in Can- 
ada. The giant St. Lawrence Seaway 
power project, which produces 2- 
million horsepower. has a total of 32 
generators, of which 16 were designed 
and built in Canada. 


Solid Insulation 


The Canadian manufacturer uti- 
lizes essentially the same solid insu- 
lations as does his American counter- 
part. In fact, he frequently finds his 
sources for many of these materials 
in the United States. Notwithstand- 
ing this, there is in Canada a well- 
established insulating material manu- 
facturing industry which competes 
with US suppliers. 

At least five firms are engaged in 
magnet wire manufacturing and pro- 
duce a complete range of products. 
Fiber glass and polyester yarns are 
manufactured, and from them the 
attendant tape and fabric products. 
Mica products are manufactured by 
at least two firms, and coated fabrics 
and plastic tapes are also produced. 
Finally, there is a well-established 
yarnish industry supporting all of the 
above. 

New developments in solid insu- 
lating materials another 
story. Here the Canadian electrical 
industry has been virtually totally 
dependent on the United States. The 
American supplier of such materials, 
or his Canadian agent, is always a 


welcome visitor. 


represent 


Liquid Insulation 


In Canada, as elsewhere, mineral 
oils for use in transformers and 
switchgear constitute the major por- 
tion of all electrical insulating liquids. 
In general, they conform with those 
used in the US, having viscosities of 
56-60 Saybolt seconds at 100°F, as 
opposed to the more viscous oils used 
outside North America. In spite of the 
abundance of petroleum in Western 
Canada, domestic crudes are predomi- 
nantly high in paraffins, and eco- 
nomically unsuitable for refining into 
low cold test oils. The Imperial Oil 
Co. does, however, import Venezue- 
lan crude and produces transformer 
oil in sufficient volume to fill the 
majority of Canada’s needs. Addi- 
tional requirements are met by im- 
portation of fully-refined oil from 
both East and West Coast US re- 
fineries. 

Canadian transformer oil is, in 
most respects, very similar to_ its 
US counterpart, but because of 
limited volume, it was deemed neces- 
sary to replace traditional acid refin- 
ing by solvent and hydrogenation 
processes at a much earlier date than 
in the US. Today, Canadian solvent- 
refined transformer oil is a stable, 
well balanced, reliable engineering 
material. 

For most applications in large 
power transformers and switchgear. 
uninhibited oil is used, but, following 
the general trend, many manufac- 
turers fill specialty and distribution 
transformers with inhibited oil con- 
taining 0.3% by weight ditertiary 
butyl para cresol. 

In the manufacture of oil-filled 
capacitors and cables, some European- 
type petroleum oils with aromatic 
additives have been used; but, in 
general, moderately refined oils with- 
out additives are the most common 
impregnants. 

Askarels, the chlorinated aromatic 
liquids, are in common use in Can- 
ada, and their applications are almost 
identical with those in the US. These 
high dielectric non-flam- 
mable, chemically stable liquids have 
filled a special need in transformers 
and capacitors for many years. Un- 
like the petroleum liquids. the total 
requirement for the Canadian market 


constant, 


Figure 1, gas-insulated G-E type AT 
air blast breaker rated 20,000,000 
kva at 230 kv in service at Burlington 
Station of the Hydro Electric 
Power Commission of Ontario. This 
breaker has the highest interrupting 
capacity at this voltage of any air 
blast breaker in the world. Gas pres- 
sure used is 4 psig. 


is imported from the US. 
Gaseous Insulation 


In recent years, gaseous dielectrics 
have been given increased attention 
in specific applications. Since 1956, 
the authors’ company has designed 
and built a range of high voltage 
instrument transformers for outdoor 
service at voltages up to 345 kv which 
are insulated with sulpbur hexafluor- 
ide gas. Similarly, Canadian-designed 
air blast breakers, relying on SF¢ as 
their major insulation in high voltage 
bushings and associated current trans- 
formers, have been produced by the 
These include 
breakers protecting the highest volt- 


same manufacturer. 


age rated system on the continent. 
the 360 ky system of British Colum- 
bia Electric, and the first 20,000,000 
kva interrupting capacity 230 kv 
breaker, recently installed on the 
HEPC of Ontario system. This latter 
breaker has the highest interrupting 
capacity of any air blast breaker in 
the world in this voltage class. 

More recently, during July and 
August 1960, three of the highest 
voltage outdoor, gas filled capacitors 
ever built anywhere in the world 
were shipped from CG-E’s Daven- 
port Works in Toronto to G-E’s proj- 


Inculation, Dece:nber, 1960 55 


56 


Serving the 


finest firms 


in America... 


for over 130 years! 


Do you know that the complete line of glass, syn- 
thetic and cotton fabrics for the electrical insula- 
tion industry are available from one source? 
Exeter Manufacturing Company manufactures pat- 
ented continuous bias fiber glass, dacron-glass, 
straight woven glass and all styles of specialty 
electrical grade cottons to the highest quality 
standards. 

Excellence in special finishes for class A through 
class H insulation provide superior adhesion and 
uniformity for all coating methods. 

When you think of insulating fabrics—think of 
Exeter—the best choice since 1827! 


Visit us at Booth #70—National Confer 
ence on the Application of Electrical In 
sulation—December 5 te 8—Chicago. 


one MANUFACTURING CO. 


EXETER, N. H. + 1451 BROADWAY, NEW YORK 36, N. Y. 


Print Ins. 28 on Reader Service Card 
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ect EHV in Pittsfield, Mass. These 
capacitors, insulated with sulphur 
hexafluoride, are capable of operation | 
at Voltages up to 750 kv. 

These examples have been cited 
because the total volume of sulphur 
hexafluoride used in all this Canadian 
apparatus, to date, probably consti- 
tutes one of the largest electrical appli- 
cations of this gas in the world. 

Despite the differences outlined, 
it must not be concluded that the 
problems facing the Canadian insu- 
lation engineer are inherently dif- 
ferent from those facing his counter- 
part in the United States, for we are 
all citizens of the same North Ameri- 
can continent. The Canadian scientist 
or engineer, in fact, likes to feel that 
he enjoys a partnership with his 
American colleague in the solution 
of common problems. Thus it is that 
Canadians actively participate in the 
deliberations and decisions of the 
various technical and_ professional 
bodies, such as ASTM and AIEE. 
ASTM test standards are almost uni- 
versally utilized in Canada, as well as 
are those of NEMA, through the 
corresponding Canadian Electrical 
Manufacturer’s Association. 

In the research and development 
field there is an ever-increasing 
amount of activity. This work is 
centered in such government and 
academic bodies as the National Re- 
search Council and Carleton Univer- 
sity in Ottawa, and the Ontario Re- 
search Foundation in Toronto. In 
addition, the laboratories of the larger 
utilities and electrical manufacturers, 
such as the Hydro Electric Power 
Commission of Ontario, Canadian 
General Electric, and Canadian West- 
inghouse, carry out extensive research 
and development projects to fulfill the 
specialized needs of the Canadian 
industry. 

In summary then, it may be con- 
cluded that, in the field of electrical 
insulation, Canadians are faced with 
essentially the same difficulties and 
challenges as their American col- 
leagues, plus a few more that are 
distinctively Canadian. In the former, 
we enjoy the opportunity of joining 
our American friends in seeking solu- 
tions. In the latter, we enjoy the thrill 
of pioneering. 


TENITE 
POLYETHYLENE 


..found in the 
first families 
of coaxial cables | 
AMPHENOL has been a oe eae iC 


quency cables since 1936, and offers one of the 
most complete lines of R-F coaxials in the 


world. Amphenol cables are characterized by _ 


top performance electrically and physically, 


and Tenite Polyethylene plays an important _ 


role in this performance both as a dielectric 
and as a jacketing material. 


Asa dielectric, Tenite Polyethylene g gives 5 fle 
ibility, high dielectric strength, low dielectric 
constant—at low cost. For an even lower di- 
electric constant, it can be expanded with gas 
into a cellular or “foamed” material. 


As a jacketing material, tough Tonite Poly. 


ethylene provides excellent resistance to abra- 


sion, weathering, moisture and heat. Users can __ 


look forward to years of maximum protection, 
Its easy handling and stripping ae make 
it a favorite with linemen. 


Tenite Polyethylene is easily extruded c as jacket- 
ing or insulation for many diverse wire and 


cable applications. For more information on the __ 


outstanding electrical and physical properties 
of this versatile Eastman plastic, write EASTMAN 
CHEMICAL PropucTs, INC. subsidiary of 
Eastman Kodak Company, Kinesport, - 
TENNESSEE. 


POLYETHYLENE 
an Eastman plastic 


@ Cable poputactred by Amphenol Cable & Wire 
Division, Amphenol- Borg Electronics Corporation, Chi- 
cago, Illinois. _ . 


Both natural and black electrical grade Tene Poly. - 
ethylene are available to cable manufacturers in a 
unique spherical pellet form which flows freely in the 
extrusion process and in “air-veying” of bulk ship- 
ments from truck to bin. 


Choice of Insulating Materials when 
Rewinding Motors and Generators 


By Erik Hox, Director, A/S Rich. Pfeiffer, Sarpsborg, Norway. 


electrical ma- 


When 


chines, there will very often arise the 


rewinding 


questions of not only renewing the 
winding, but of completely redimen- 
sioning the winding, choice of an- 
other type of winding, another sub- 
division of the conductors, and—first 
of all—other kinds of insulating ma- 
terials and methods. 

Electrical machines are now sub- 
jected to harder service than they 
have been previously, and the de- 
mands on the reliability of the ma- 
chines are greater than ever. The 
winding is often the weak point, and 
it is therefore important to make this 
as correct as possible for the condi- 
tions under which the machine will 
have to work. The quality of a wind- 
ing depends on choice of insulating 
materials, type of winding, design of 
insulation, and good craftsmanship. 

New have 
come into the market, and new ones 


insulating materials 
are continually coming; this applies 
especially to varnishes and bonding 
substances, and new combinations of 
insulating materials are constantly 


being developed. 
Demands on Insulating Materials 


The should 


have great mechanical strength, high 


insulating material 
dielectric strength, small dielectric 
losses, and good thermal conductivity ; 
further, it should be resistant to heat, 
moisture, and corona. In addition. 
different properties are required vary- 
ing with the use for which the mate- 
rial is intended. Some of these proper- 
ties are elasticity, shrinklessness, di- 
mensional stability, and resistance to 
leakage currents. 

The arch enemies of all electrical 
insulation are high temperature, mois- 
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ture, and corona. 
Thermal Stability 


Electrical insulation materials are 
divided into classes which specify 
fixed thermal limits for the different 
materials. These thermal limits ac- 
cording to IEC, AIEE, and Norwe- 


gian standards are shown in table 1. 


Table 1—Insulating Material Classes 


—— Max. Temp. in “°C — 
Insulation IEC and Norwegian 


Class Standards AIEE 
A 105 105 
E 120 
B 130 130 
F 155 155 
H 180 180 
GC above 180 above 220 


Class A insulation consists of mate- 
rials or combinations of ma- 
terials such as cotton, silk, 
and paper, impregnated. 

Class B insulation consists of mate- 
rials or combinations of ma- 
terials such as mica, glass 
fiber, asbestos, etc., with 
suitable bonding substances. 

Class H insulation consists of mate- 
rials such as silicone elasto- 
mer and combinations of 
materials such as mica, glass 
fiber, asbestos, etc., with 
suitable bonding substances 
such as appropriate silicone 
resins. 

In each class a proportion of materials 

of a lower temperature class may be 

included for structural purposes only. 
The temperatures stated indicate 
limits that should not be exceeded. 

With a continuous load at these tem- 


peratures the insulation life is 5-10 
years. 
With insulation life we usually 


| 


think of the time passed before the}. 
have} 


properties of the material 


dropped below a certain minimum atij: 


which point vibration and other me-} 


chanical stresses would destroy they 


insulating properties. The dielectric 


properties, for instance the dielectric} 
strength, can often be just as good, )) 
even better than before, because the) 
material has been completely dried |} 
out. Insulation life diagrams are} 


shown in figure 1. Usually one reck-; 


ons that each 8 to 10°C temperature } 


rise will halve the insulation life. 


Ability to Withstand Moisture 


When an insulating material ab-.) 
sorbs moisture, the dielectric strength y 


will fall considerably, and in this con-- 
dition the material is quite unsuitable» 


for insulating purposes, especially for |) 


high voltages. 
Most of the insulating materials: 
absorb moisture to 


Life, Years - 


some degree..| 


80 /00 120 140 /60 /80 200 220 >i 


Temperature °C —=— 


Figure 1, insulation life as a function | 


of ‘operating temperature. 


Therefore, one will have to impreg- 
nate them, but even with a good im- 
pregnation one seldom completely 
avoids absorption of moisture. Oven- 
dried impregnating varnishes are the 
best ones in this respect, but then one 
must choose insulating materials that 
will stand the heat treating. As an ex- 
ample of how much moisture insulat- 
ing materials contain, it can be men- 
tioned that pressboard on delivery 
contains about 6 to 8% moisture. 

It ought to be mentioned that sur- 
face moisture is very disadvantageous 
because it encourages surface creep- 
age, and as a result of that, dielectric 
breakdown. The surface moisture can 
be very great under unfavorable ther- 
mal and weather conditions, espe- 
cially after an interruption of service. 


Cerona Resistance 


Corona usually is defined as a form 
of electrical discharge taking place 
when the critical voltage between two 
conductors is exceeded in a gas, such 
as air. 

High temperatures in motor or gen- 
erator windings can start corona in 
cavities in the insulation. One tries to 
avoid this by application of suitable 
compounds and impregnating var- 
nishes; for instance, corona can start 
in the slots between iron and coil in- 
sulation. This can be avoided by ap- 
plication of a conducting varnish on 
the outside of the insulation. It can 
also start where the coil insulation 
protrudes from the slot and in coil 
end leads where there are field con- 
centrations. 

Corona is not dangerous in itself, 
but ozone and small quantities of 
nitric oxide are produced by the 
dielectric breakdown in the air. If 
there is moisture in the air, nitric 
acid will be produced which will at- 
tack the insulating materials and the 
conductors. High temperature will ac- 
celerate this process. 

Critical signs of this development 
are that the copper assumes a bluish- 
green color, that some insulating ma- 
terials are decomposed, that nitride 
and nitrate combinations can be 
found, and that the effects are differ- 
ent between the terminals and the 
neutral point according to the poten- 
tial above ground. 


One therefore ought to demand that 
the insulating materials are corona- 
resistant. Such materials usually are 
inorganic. Bituminous varnishes are 
also advantageous as they have 
proved quite resistant against nitric 
acid. 

Corona seldom is a problem at ma- 
chine voltages below 6000 volts. The 
thickness of the slot insulation, how- 
ever, is important, as one is more 
likely to get corona with thinner in- 
sulation. 

Likewise, the humidity of the air 
and the thermal conditions are of im- 
portance. We have seen 5 kv windings 
(voltage against ground 3 kv) which 
have been damaged owing to corona. 
For instance, if ammonia connections 
get access to windings the risk of 
dielectric breakdown by corona can 
be considerably greater than normal. 


Insulating Materials 


We are going to discuss some im- 
portant insulating materials consider- 
ing the demands mentioned above, 
namely thermal endurance, moisture 
resistance, and corona resistance. 

Insulating materials such as paper, 
cotton, and similar materials, either 
impregnated or unimpregnated, are 
neither very heat-resistant, moisture- 
corona-resistant. Oil 
cloth is quite moisture-resistant and 


resistant, nor 


has good dielectric properties, but 
in other respects it is like paper and 
cotton. 

Mica, glass fiber, and asbestos, 
when impregnated with a suitable 
varnish, comply with the demands for 
resistance to heat, 
corona. These materials are inorganic. 

Today mica, fiber, and 
asbestos with varnishes and bonding 
substances of epoxy, polyester, and 
silicone seem to be the usual insulat- 
ing materials for high voltage motors 
and generators with class B insulation. 

Mica was one of the first materials 
to be used as an insulating material 
and it seems to maintain its position. 
Today mica is used as splittings and 
also as small mica plates in mica 
paper. Mica splittings are placed on 
a backing of thin paper, fiber glass 
cloth, and thus we get different mica 
products depending on the kind of 


bonding substance and impregnating 


moisture, and 


glass 


varnish. The materials may be had 
either in sheet or tape forms. 

Micafolio is usually made in rolls 
of large width and with thin paper 
as backing. The binding agent used 
is a shellac or asphalt compound. The 
material is used as slot insulation and 
is usually applied by the Haefely 
method. 

An essential weakness with this 
insulation is that it will swell during 
service (also during storage), and it 
does not seem to satisfy the increas- 
ing demands on insulation for high 
voltage motors and generators. 

Bonding substances of epoxy and 
polyester materials may also be used, 
but then the application of the ma- 
terial is more difficult. A weak point 
in the use of micafolio as slot insula- 
tion is the joint between the slot 
insulation and the coil end insulation. 

The use of tape instead of sheet 
allows the insulation to be made con- 
tinuous; i. e., there will be no joints 
between the slot insulation and coil 
end insulation. Mica tape consisting 
of mica splittings on paper with 
asphalt compound as bonding sub- 
stance is used as insulation in genera- 
tors, and a careful workmanship gives 
eood windings. 

After the insulation is applied, the 
coils are vacuum impregnated with 
asphalt compound. However, in order 
to get a thorough impregnation the 
application of insulating material and 
vacuum impregnating must be done 
in several steps, depending on the 
total thickness of the insulation. 

One advantage with this insulation 
is its elasticity, which is of great im- 
portance for the mounting of the coils 
in the machine. But this insulation 
also swells to some degree in the air 
gaps and outside the stator iron, and 
it is also subject to tape separation. 

Mica tape consisting of mica split- 
tings on a backing of thin fiber glass 
cloth with a bonding substance of 
epoxy or polyester contains no class 
A materials. This insulation is applied 
in full thickness, after which the coils 
are vacuum impregnated with ther- 
varnishes 
polyester. Then the 
pressed to exact dimensions, and the 


of epoxy or 


insulation is 


mosetting 


impregnating varnish sets at high 
temperature while the coils are un- 
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der pressure. 
This 


(class B). moisture 


insulation is heat resistant 
resistant, and 
corona resistant, but it is not as elas- 
tic as asphalt mica tape insulation. 
On the other hand, the insulation will 
not swell, neither during service nor 
during storage, and it is practically 
not subject to tape separation. 

Mica paper is manufactured much 
like cellulose paper, but the wood 
fibers are replaced by mica platelets. 
Epoxy varnish is commonly used as 
the bonding substance. The material 
is more homogeneous, more even, 
and more pliable than corresponding 
material of splittings. It is made both 
as sheet and as tape (so called wet 
tape) where the bonding substance 
is only partly cured. 

A special type of mica paper tape 
is manufactured dry, and this is espe- 
cially fit for the manufacture of high 
voltage windings with continuous in- 
sulation with subsequent impregnat- 
ing under vacuum and curing under 
pressure. The method of application 
is the same as for mica tape of split- 
tings. Glass fiber is used as backing 
also for this type of material. The 
quality of this mica paper insulation 
is at least just as good as that of mica 
tape made of splittings. 

Which of the two materials, tape 
of mica splittings or of mica paper, 
should be preferred as insulation for 
high voltage motors or generators is 
difficult to say at present. 

In our opinion, it is rather certain 
that both insulating materials will be 
used more and more, and that they 
will increase the dependability of 
electrical machines substantially. 

A very important point in the use 
of these materials is that the vacuum 
impregnating must be done very care- 
fully and that a vacuum of 50—100 
microns ought to be used. 

Partly cured mica paper tape (wet 
tape) can be used as insulation for 
low voltage windings without a 
vacuum treatment. During the curing 
process the bonding substance will 
become fluid and one will get a 
homogeneous insulation. If this wet 
tape is used for high voltage wind- 
ings, the insulated coils must be 
vacuum treated before the insulation 
is cured. 
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Fiber glass is produced in the form 
of very thin fibers of suitable glass. 
From these fibers one produces, for 
instance, glass tape (which replaces 
cotton tape), and varnished glass 
cloth and tape (which are used in- 
stead of oil cloth and oil tape). 

Varnished glass tape has the same 
good dielectric strength as oil cloth 
tape, but the glass permits the appli- 
cation of oven-curing thermosetting 
varnishes; that is, varnishes satisfy- 
ing the demands for class B tempera- 
ture operation. 

Silicone varnish is also used as im- 
pregnating varnish for glass cloth and 
glass tape. It can provide a product 
fully satisfying the demands for class 
H heat resistance, moisture-resistance, 
and corona-resistance. Silicone var- 
nish is water-repellant. 

Impregnated glass tape is used as 
insulation for single conductors and 
windings, especially for low voltage 
machines and as coil end insulation 
for high voltage machines. 

Asbestos and fiber glass cloth im- 
pregnated with bonding substances 
of epoxy or polyester in semi-cured 
condition are excellent as lining be- 
tween parallel strands of conductors, 
for instance, between windings in 
field coils. When cured under pres- 
sure the conductors will be bonded 
together making a compact whole. 

Silicone rubber tape may be had 
either reinforced with glass cloth or 
not reinforced. It is the latter type 
that is preferred as insulation for 
high voltage machines. After the coils 
are insulated they are cured under 
pressure at a high temperature. 

The insulation is flexible and satis- 
fies most of the demands one can 
make upon a high voltage insulation. 
It allows a temperature of 180°C, but 
for usual motors and generators it is 
hardly appropriate to make full use 
of this limit. We think that class B 
ought to be sufficient. 

As insulation of silicone rubber 
will be more expensive in Norway 
than, for example, insulation of mica 
paper, we think that silicone rubber 
first and foremost ought to be used 
for electrical machines working un- 
der extreme conditions and in a very 
unfavorable atmosphere such as in 
chemical plants. 


Slot wedge, textile bake/te. 


Insulating putty, epoxy type. 


Conductors, 26 strands. 


Strand insulation, Strips of 
asbestos fiberglass, 
epoxyim preqnared. 


Sirips of asbestos fiberglass, 
epox yimpregngsed. 


Ground jnsulofion, 
mica paper fape. 
aay Separator, bakelite. 
>—— Outside conducting varnish. 


Jmpregnant, epoxytype resin, 
vacuumimpregnared. 


Gas] 
Sa, 
Figure 2, insulating arrangement for | 


a Roebel bar. 


Slot wedge , textile bokelite 


Conductor, 8 strands 


Strand insulajion, double 


fiber glass , impregnated. 
szics Turn insulasion, micapaper /ape. 


Separators, mica 


es jay ansulotion, micapaper tape. 
Separator , Loke/ije 
rT] 
= Outside, conducting varnish. 
Peles 


9 


Figure 3, insulation arrangement in 


JImpregnan?, epoxy /ype resin, 


vacuum impregnated, 


the slot for symmetrical coils. 


However, prices and points of view 
are changing, and time will show for 
which conditions silicone rubber will 
be used in insulation engineering. 


Choice of Winding and Insulation 


We have mentioned that when 
choosing the type of winding one 
ought to take into consideration the 
type of insulation. 

For larger machines it will be ad- 
vantageous to use two conductors per 
slot in the form of two bars each with 
full insulation against ground. The 
conductors are subdivided in strands 
which are transposed in the slot, the 
well known “Roebel bar.” 

The bar may have continuous in- 
sulation and require very little elas- 
ticity. This is a mechanically strong 
winding which is easy to install and 
easy to repair. 

The use of special hoops which are 
hard soldered to the ends of the bars 
will give strong connections between 
over-bars and under-bars. This will 
also facilitate the mounting of the 
winding. An example of an insula- 
tion arrangement for this kind of 
winding is shown in figure 2. 

The coils for machines with sev- 


eral conductors per slot are usually 
made as complete (not split) coils. 
They may be symmetrical windings 
with two coil sides per slot or con- 
centric windings with one coil side 
per slot. 

Usually these coils will have to be 


bent a little during the mounting in 
the slots, and it will therefore be 
necessary that the coil ends have a 
certain flexibility. 

It may be inadvisable to use a con- 
tinuous mica insulation with epoxy 
or polyester thermosetting varnishes 


Pole 


Field 


Yo Eddy current /osses 


Figure 4, types of eddy current losses: a) current displacement due to 
magnetic field created by the current in the conductors, and b) losses 
due to penetration of the pole field into the slot. 
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Figure 5, section of a large generator slot: a) old winding, b) new wind- 
ing, and ¢) comparison of the two connected in series and by full-load 


current. 


for these kinds of windings. 

The slot insulation is usually most 
exposed, and the demands upon the 
coil end insulation are far less severe. 
One may therefore use mica insula- 
tion for the slot insulation, and var- 
nished fiber glass tape as coil end 
insulation. Between the slot insula- 
tion and the coil end insulation slop- 
ing joints can be made. The outer 
layer of the coil end insulation is 
made of untreated fiber glass tape, 
which is afterwards impregnated with 
a suitable varnish. An example of the 
arrangement of slot insulation for this 
kind of winding is shown in figure 
3. The use of mica tape with asphalt 
compound has in this case the advan- 
tage that the coils will be slightly 
elastic. 


Eddy Current Losses 


In older motors and generators the 
stranding of the conductors is very 
often unsatisfactory and may cause 
great eddy current losses. Before re- 
winding a machine it is often neces- 
sary to check the eddy current losses 
and it will very often be found neces- 
sary to alter the design. Choice of 
another type of winding will then 
come into question. 

It is the eddy current losses in the 
slot which are of greatest importance, 
and of these we have two kinds, 
namely: 

a) Eddy current losses due to cur- 
rent displacement in the conductors 
resuiting from the magnetic field 
created by the current in the conduc- 
tors themselves (figure 4a). As the 
current is displaced upwards in the 
slot, the current displacement, and 
therefore the losses, are greatest in 
the top of the slot, where the field is 
strongest. In order to reduce the 
losses, one must sufficiently divide the 
conductors and insulate the single 
strands against each other, but one 
must make all the strands carry the 
same current; for example, by trans- 
posing them. 

b) Eddy current losses owing to the 
penetration of the pole field into 
the slot (figure 4b). These losses 
practically never occur in closed or 
half-closed slots. Theze losses are also 
due to current displacement, and one 
reduces this by dividing the conduc- 
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Primary insulation for Navy cable 
under MIL-C-915A: 


R/M PYROTEX TAPE 9519 


Glass-supported Pyrotex 9519 is a 
PVA-impregnated tape particularly 
suited for primary and secondary in- 
sulation of shipboard cable in accord- 
ance with Military Specification MIL- 
C-915A (Ships). 

This R/M style is also frequently 
specified for standard power cables to 
meet AVA and AVB construction 
requirements. 

Glass-cloth reinforcement results in 
minimum tensile strength of 90 lb. 
(nominal 120 lb.) per inch of width 
—entirely adequate for high-speed 


taping-head application. 

R/M _ offers two other Pyrotex 
glass-supported tapes, both for un- 
derground power-cable insulation 
where resistance to moisture and rot 
is a requirement. Style 9523 is as- 
phalt impregnated. Style 9543 has 
a moisture-resistant, flame-retardant 
impregnation. ; 

All these R/M Pyrotex tapes are 
made in thicknesses of 10 and 15 
mils, in widths from '% in. up, on 
cores of 114, 3, 4, and 6 in. ID. Write 
for full information. 


ASBESTOS TEXTILE DIVISION 


RAYBESTOS-MANHATTAN, INC. 


Manheim, Pa. 


SPECIALISTS IN ASBESTOS, RUBBER, ENGINEERED PLASTICS, SINTERED METAL 
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tors—usually it is sufficient to divide 
the topmost conductors—and by not 
placing the connectors too near the , 
opening of the slot. In wide slots and 
wide conductors, especially with high 
induction, the losses can be quite 
great, and can result in great local 
heating. 

c) Example of faulty design. Figure 
5a shows a section of the slot of a 
large generator. The stranding of the 
conductors was quite horrible. The 
topmost conductors were divided in 
the width, but the slots were only hal! 
closed. All strands were higher than 
the “critical conductor height.” The 
strands were not transposed; trans- 
position would in this case have re- 
sulted in even higher losses. 

The strands were insulated against 
each other, but this only made things 
worse, because the insulation partly 
hampered the equalization of tem- 
perature in the slot. A solid conductor 
would have given smaller losses and 
lower temperature. 

In figure 5, b shows a section of 
the bar-winding of the Roebel-type 
used to rewind this generator, and c 
shows the result of a test made with 
a new and an old coil connected in 
series at full-load current. The tem- 
perature was measured directly on 
the copper as indicated in a and b. 

It must be supposed that maximum 
copper temperature for the old wind- 
ing had been about 150°C. It lasted 
15 to 20 years before any faults 
occurred, but then the slot insulation. 
consisting of shellac-mica sheet, had 
partly disappeared. 


Summary 


The most important demands to be 
made upon insulating materials for 
motors and generators, especially for 
high voltage machines, are stated. 

On this basis we see that the fol- 
lowing materials stand out as meeting 
the demands of class B: Mica, fiber 
glass, and asbestos with bonding sub- 
stances of epoxy and polyester. 

Silicone rubber meets class B de- 
mands and also those of class H. 
Finally, some examples of usual types 
of windings and insulation arrange- 
ments are given, and some remarks 
are made on eddy current losses in 
copper conductors. 
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Attention 
to 


Detail 


in the preparation of electrical insulation materials is often the deciding 
factor in the reliability of electrical equipment, large or small. As 
electrical apparatus becomes more sophisticated, the insulation problems 
increase in complexity and the attention given to individual components 
becomes more important. By specializing only in the development of 
varnish and resin insulations, Dr. Beck & Co. has established itself as a 
leader in the field. This specialization makes it possible to provide 
thorough and economical solutions to your insulation problems. Attention 
to detail, specialization, and understanding of your technical and eco- 
nomic considerations are vital ingredients of the insulation product. For 
information on how our specialized experience can help solve your insula- 
tion problems, please write today. 


DAR. BECK & CO. GML 


Specialists in Insulating Varnishes and Resins for the Electrical Industry 
Hamburg Bombay London Milan 

Sole Agents for the USA: P. W. Blackburn, Inc., 67 Main Street, Dobbs 
Ferry, N. Y. 
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new CEMENT-COATED EPOXY magnet wire makes possible coils 


64. 


The secret’s in the bond strength. Anaconda’s new 
130 C (class B) cement-coated epoxy magnet wire 
forms a bond so strong that the coil is completely 
self-supporting. 

Cold, it holds its shape perfectly without ties or 
braces; hot, it can be removed from the oven at 
200 C and dipped in encapsulating materials with- 
out deforming or losing its shape. Both ways you 
save on production costs. The cement can be activ- 
ated by resistance heating, oven heating or solvent. 

The unique Anaconda Epoxy cement coating 
makes all the difference. It softens just enough to 
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bond each wire in the coil firmly to adjacent wires. | 
The higher the heat (up to 200 C), the stronger 
the bond —it is a contact bond with minimum flow. 

Because of its inherent dielectric properties and 
because of limited flow, the epoxy cement overcoat 
actually contributes to the electrical strength of 
windings. Thus, it is often possible to employ 
cement-coated epoxy film with little or no increase 
in over-all diameter of the wire. 

And here are some other advantages: Anaconda 
cement-coated epoxy magnet wire won’t hydrolize 
in closed systems because the cement is an epoxy type 


This 24” diameter coil wound with 18 pounds of 
# .064x.130CCHEP rectangular magnet wire, is entirely 
self-supporting because it’s made of Anaconda’s new ce- 
ment-coated epoxy magnet wire. The outstanding bond- 
strength of this wire is stable at high temperatures, too. 
Coils can be removed from oven and handled while stil! hot 
without danger of deforming—as shown in picture below. 


that hold their shape without support 
...Doth cold and hot...even at 200 C 


and the base coat is Anaconda’s well-proven epoxy 
enamel. It is completely compatible with standard 
transformer oils, varnishes, insulation and encapsu- 
lating materials you are most likely to use. It’s avail- 
able in all sizes of round, square and rectangular, 
packed in spools, reels, pails and drums. 

For more information about Anaconda cement- 
coated epoxy magnet wire, contact Anaconda Wire ASK THE MAN FROM 


® 
and Cable Company, 25 Broadway, New York 4, 
New York, Department EFL-I. 


FOR CEMENT-COATED EPOXY MAGNET WIRE 60257 
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Making vinyls safe for contact with polystyrene 


Would it be safe to leave these polystyrene cases 
wrapped in your vinyl-insulated wire? Or must you 
warn your customers against the perils of plasti- 
cizer migration? 


There’s one plasticizer you don’t have to worry about 

. Rohm & Haas PARAPLEX G-54. PARAPLEX G-54 
stays in vinyls. It gives your compounds excellent 
resistance to plasticizer migration into polystyrene, 
enamels, and acrylic plastics. There’s no marring 
of finishes, no crazing of plastics. 


PARAPLEX G-54 has other advantages, too. In a vinyl 
compound, it promotes outstanding retention of phys- 
ical properties on exposure to high temperatures, im- 
parts good resilience, resists extraction by oils, greases 
and soapy water, has good compatibility at high- 
temperature, high-humidity service conditions. 


For heat and light stabilization, PARAPLEX G-54 
produces excellent results in combination with the 


epoxy plasticizer PARAPLEX G-62. If peak electrical 
performance in vinyl insulation is your goal, you 
should also evaluate MONOPLEX S-90E. 


Get complete technical information by writing for a 
new 28-page brochure, Physical and Performance 
Properties of PARAPLEX and MONOPLEX plasticizers. 


PARAPLEX and MONOPLEX are trademarks, Reg. U. S. Pat. Off. 
and in principal foreign countries. 


AR Chemicals for Industry 
ROHM € HAAS 


COM PANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


PARAPLEX G-54 
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World-Wide Insulation Report—England 


Insulation Materials and Techniques for 
High F requency Welding of PVC Film 


By Vivian Bird, Pinner, Middlesex, England. 


The simplest method of bonding 
two pvc films by means of high fre- 
quency welding involves the use of a 
simple bridge electrode without cut- 
ting edge and with fixed limit of 
travel. HF film welding by means of 
a bare bridge electrode was exclu- 
sively employed when this technique 
was first introduced and is still used 
today in certain cases. The use of 
cutting edges on the electrodes cou- 
pled with the wide range of film 
types available have resulted in even 
greater importance being attached to 
the associated welding auxiliaries. 
The function of these auxiliaries is to 
facilitate the welding operation and 
to reduce wastage in production by 
eliminating accidental 
etc., of the work. 

The most commonly used _ insula- 
tion material in the welding of pvc 
film is hard-paper (generally known 
as “Pertinax”). This material con- 
sists of phenol resin and _ cellulose 
paper and has without doubt certain 
advantages. It is reasonable in price, 
remains level a long time, and gives 
the welding material a gloss on the 
underside. Hard paper is used in 
thicknesses of 0.1, 0.2, 0.3, 0.4, and 
0.5 mm. Although it possesses ad- 
vantages from a technical welding 
viewpoint, 0.1 mm _ hard-paper film 
is not very popular since waves or 
undulations frequently form in it 
after short use and render the ma- 
terials unusuable. 

The insulation material most closely 
related to hard-paper is paper itself. 
It is used in the form of oil paper 


perforation, 


or similar material (“Pergamin”- 
paper) in cases where a symmetrical 
HF weld is required. At the same time, 
Pergamin-paper is also the cheap- 
est insulating material. Occasionally 
Pergamin-paper is also applied as an 
additional insulating layer on Per- 
tinax. Recently there have appeared 
on the market — synthetic-layered 
papers, which undoubtedly in certain 
cases can be advantageously used as 
insulating materials. 

Rubber-cloth is used far more fre- 
quently than paper. It has the advan- 
tage, among others, of equilibrating 
small inaccuracies in the electrode 
and of effecting a soft passage (or 
blending) in the use of unequal ma- 
terial layers. There are various types 
of rubber—for example, cheap bed- 
rubber. Although this type of rubber 
is frequently used, it is not recom- 
mended. The rubber becomes unus- 
able after a short time owing to the 
formation of undulations. It also pos- 
sesses poor qualities with regard to its 
equilibrating effect and spark-over 
resistance. Considerably better, on the 
other hand (also more expensive), are 
natural-rubber plates. Admittedly. 
with this quality of rubber, un- 
dulations still cannot be completely 
avoided. However, the elastic and HF 
technical characteristics are much 
more favorable. A variation of the 
rubber-cloth is rubber-fabric cloth. 
Here again there are cheap types 
available with one-sided fabric layer- 
ing. The best quality of this type is 
rubber-cloth with double-sided fine 
silk cambric fabric layering. This type 


possesses the desirable qualities of the 
natural-rubber cloth and is almost 
completely free from warping. The 
sole disadvantage of rubber and rub- 
ber-fabric cloth is that the former 
provides a weak welding-seam under- 
side, while the later leaves the fabric- 
structure behind on the same. In addi- 
tion, templates can only occasionally 
be manufactured from this material. 

As a final rubber type, mention 
should be made of rubber-graphite. 
This is used up to 5 mm and does not 
serve as insulation, but rather as a 
conductor of current—it causes an 
increase in the dielectric loss angle. 
From an HF technical aspect, it has 
the effect of resistance, thereby repre- 
senting additional heat losses. It is 
used almost exclusively in the welding 
of pve with materials or with “Molto- 
pren” and up to the present time has 
attained no great importance in this 
field. 

An insulation material commonly 
used in recent times is a bonding of 
a glass fabric with silicone. This ma- 
terial is chiefly used in thicknesses 
of 0.2 and 0.3 mm. It not only pos- 
sesses favorable _ elec- 
trical qualities, but also high perfora- 
tion resistance. A further characteris- 
tic of this material is that the film 
does not stick after welding to the 
insulation material which facilitates 
removal. The fastening of the ma: 
terial to the underplate must be by 


particularly 


mechanical means. 

Finally, there are still other aids 
such as “Teflon,” Teflon-glass fabrics, 
fabrics (partly 


linen impregnated 
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NEW DEVELOPMENT IN 


CLASS B INSULATION 


Dacron*™ Mat (Epoxy Treated) — 
Mylar® Combinations 


New Milamat Composites Outperform Other 


\ Class B Materials: ‘And Reduce Insulation Costs 


\ 
‘ TESTED — by U. S. Nayal’ (sees dd and Industry 
7 Laboratoriés 
\ 
x APPROVED — by Buregu of Ships, U. S. Navy 


\ / ADOPTED — by Jedding motor and transformer 


NEW IMPROVED _-manufacturers 
BONDING QUALITY” 


NEW INDEFINITE ve 
SHELF LIFE“ / 


NEW LOWER” 
PRICES / / 


atayer insulation 
Phase insulation 


Slot insulation 
Coil spacer insulation 


Other applications where varnished 
glass cloth is normally used. 


These new Class B combinations and construc- 
tions were developed by Milam to fulfill a 
functional and economic need long required 
by the electrical industry. DMA—70 and DM— 
100 have excellent heat aging or thermal 
stability, good chemical resistance and high 
physical strength. They are extremely insensi- 
tive to moisture, which reduces leakage sub- 
stantially. Dielectric strength is high, depend- 
ing upon total thickness of the combination. 
Thicknesses range from .005” to .020”. 


Write for complete descriptive data. 


MILAM ELECTRIC MFG. CO. 


1100 ELMWOOD AVENUE + PROVIDENCE 7, Roa 
A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC. 


M EM C 0 Prod ae a 


The Electrical Industry 
Rag Paper — Mylar, 2 and 3 ply ® Kraft Paper — Mylar, 2 and 3 ply 
Rag or Kraft —Acetate combinations ® Quinterra — Mylar, 2 and 3 ply (foe 
Quinterra or Quinorgo — Glass Cloth, 2 and 3 ply ® Silicone Quinterra — Glass Cloth, 
2 and 3 ply © Friction Coated Mylar, 1 or 2 sides © Rag Paper — Varnished Cambric or 
Varnished Glass ® Fish Paper — Mylar ® Creped Kraft — Mylar ® Aluminum or Copper 
Foil — Mylar ® Mylar Capacitor Caps ® B’’ Stage Epoxy Coated Materials © Wide 
Range of Specialties 
*Dacron—Du Pont's trademark for its polyester fiber. *Mylar—Du Pont's trademark for its polyester film, 
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with oil), 


| transparent 


and lacquers. The latter | 
however, will not be discussed here 
owing to high material prices and ,| 
low .wear-and-tear-strength. At the | 
same time these materials should not — 
be completely rejected since it is quite 
possible that one of them possesses 
special qualities for certain welding 
applications. All the previously men- 
tioned insulation materials relate es- 
sentially to pve film for which the in- 
sulating medium is mostly inserted 
between the under-plate and the weld- 
ing material. 


In addition, two other methods are 
employed. The first involves placing 
of a rubber-cloth between electrode 
and welding-material. This system is 
used particularly with metallized films 
or thin transparent film. The use of 
rubber cloth prevents surface burns 


and contributes towards increased 


| heating of the edge zones. By suitable 


design of the electrode the welded 
seam is not materially influenced (in 
given cases, the rubber cloth can still 


| be greased). The rubber coating over 


the electrode is, in certain instances, 
also used where the edge is to be 
welded over to exact trimmings with- 


| out the use of cutting edges. e.g. 


books 


made of film approximately 0.1 mm 
thick with Moltopren welds. 


dust-covers for 


The second procedure is used in 
welding involving a counter-electrode. 
In cases, where welding with bare 
electrodes is inadmissible, use is com- 
monly made of rubber cloth, which 
can also be used in connection with a 
Pertinax, pasteboard, wood, or metal 
frame laying-in template. In particu- 
larly critical cases, the insulating ma- 
terial can also be used on both sides, 
whereby however, a weakening of 


the welding seam is unavoidable. 


Technical welding auxiliaries be- 
come of increasing importance when 
very thin films have to be welded 
and when mixed polymers, polya- 
mides, acetates, and similar materials 
are used. In these instances, it is fre- 
quently found that a single insulation 
layer is insufficient and accordingly 
a two-layered material must be used. 
It is also strongly recommended that 
in the welding of thin films, counter 
electrodes be used to ensure a sym- 


metrical HF field. 


VARKEL KNOCKS THE DEVIL 


Visit our booth at the 
Conference on Application 
of Electrical Insulation 
Chicago, December 5-8 


OUT OF HIGH TEMPERATURES 


Does your application of electrical insulation require a tubing, wrapping tape, 
or insulated wire that will withstand high operating temperatures? Then let 
Markel help you beat the heat! Specify a Markel high temperature product from 
the Line of Excellence. Call, write, or wire for test samples, complete data, and 
prices; you'll get fast action! , 


HY GRADE H Silicone Rubber Coated Fiberglass Sleeving For use from —70°C to 200 C; excellent 
flexibility, compatibility, corona and chemical resistance; grade HA-] meets MIL-l-18057. 


FLEXITE Teflon Tubing Highest temperature resistance; continuous use at 250°C; outstanding 
chemical, oil resistance; superior compatibility, electricals; performs to MIL-I-22129A. 


FLEXITE SR Extruded Silicone Rubber Tubing Continuous use to 200°C; highly elastic; superior 
compatibility; tough and abrasion resistant; excellent corona resistance; meets MIL-R-5847C. 


FLEXITE Silicone Rubber TGL Tape Triangular guide line wrapping tape with excellent electrical 
properties; permanently resilient; high resistance to corona, oils, weathering. 


FLEXLEAD Teflon Insulated Wire and Cable Extruded Teflon over silver-plated copper conductors; 
rated for use from —90°C to 250°C; superior electricals; meets MIL-W-16878C, Type E and EE. 


FLEXLEAD Silicone Rubber Insulated Wire and Cable Extremely flexible; use to 200°C; extra 
flexible stranded conductors; excellent resistance to corona, oils, effects of weathering. 


L. FRANK §/:\71.43 8 & SONS 


SINCE 1922 


NORRISTOWN, PENNSYLVANIA 


ONE SOURCE FOR EXCELLENCE IN INSULATING TUBINGS, SLEEV/INGS, AND LEAD WIRE 
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Higher cut-through 
temperatures with 
new Formvar/based 


enamel 


A new FORMVAR based magnet wire enamel has 
been developed specifically for hermetic as well as 
general purpose service. The new insulation offers 
excellent cut-thru resistance...up to 300°C... 
your assurance of faultless performance during 
periods of high overload. Also, it offers outstanding 
resistance to Refrigerant-22. Plus the same service- 
proven balance of properties of standard FORMVAR- 
with-phenolic enamels. 


Consider this unequalled combination of key 
properties: 


Refrigerant-22 extractible content below 4%; ex- 
cellent blister resistance before and after prebake. 


Excellent moisture resistance as determined by 
the boiling water. test. 


Wet dielectric strength greater than 2000 volts 
per mil after 24 hour submersion in distilled 
water. 


Electrical resistance retained at elevated tem- 
peratures. 


Thermal life of 60,000 to 100,000 hours at 130°C 
when overcoated with suitable varnishes. 


This new enamel has been well proved in the field. 
The enamel or coated wire is available from your 
regular supplier under the FORMETIC or other trade- 
mark. Consult him for more details on how this 
new insulation will pay you real dividends in 
trouble-free performance. 


SALES OFFICES: ATLANTA CHICAGO LOS ANGELES NEW YORK 
CLEVELAND SAN FRANCISCO GREENSBORO ST. LOUIS 


IN ENGLAND & EUROPE: SHAWINIGAN LTD., MARLOW HOUSE 


LLOYD'S AVENUE, LONDON, E. Cc. 3 
‘SHAWINIGAN 
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The Problem of Functional Tests 


World-Wide Insulation Report—Switzerland 


With Solid High Voltage Insulation 


By O. F. Wohlfahrt, Brown Boveri & Co., Ltd., Baden, Switzerland. 


Soon after the second world war 
there appeared on the market whole 
groups of new insulating materials 
whose properties were such that a new 
definition of the thermal classes be- 
came necessary. The old system of 
classifying insulating materials into 
thermal classes based on their chemi- 
cal compositions was replaced by a 
much looser and more general con- 
cept. The new standard classifies 
materials by means of functional 
tests. With these functional tests, the 
insulation material to be tested is 
stressed as far as possible in the same 
way as it would be stressed during 


service. In the final analysis, only 


the verification of the complete insu- 
lation system of an apparatus in 


actual service can decide whether the 


choice of materials made was correct. 
This was, of course, valid for the de- 
signer until now, even without a 
standard. But he must 
proof of the fulfilment of these re- 
quirements with the help of test re- 
sults, whereas earlier a list of con- 
stituents within the proper thermal 
classifications was sufficient. 
Naturally, when developing new 
insulation systems and introducing 
new materials, one cannot wait until 
service experience is gathered. The 
test time has to be shortened, and this 
can be accomplished by aggravating 
the stresses. In order to save. unneces- 
sary costs, the apparatus is simplified 
to a model, which consists only of the 
essential parts directly influencing the 
behavior of the system and its mount- 


now show 


Print Ins. 37 on Reader 


Service Card for Chemo 
Breaducete Ine ad ahave 


ing. With electrical equipment where 
the insulation is mainly thermally 
stressed, the new principle proves 
itself The 


stresses, such as voltage, vibration, 


very well. additional 
humidity, etc., in test practice actually 
effect only a sharper and clearer selec- 
tion or differentiation, i.e., making ap- 
parent the aging resulting from the 
thermal stress. The criterion for suc- 
cess or failure as a measure for the 


continued serviceability of the insula- 
tion system is in almost all cases the 
failure of the system with voltage 
lests. 

This new technique of classifying 
materials is, without doubt, much 
more complicated than the very clear 
and distinct old classification based 
on chemical composition. In one case, 
a particular material could conform 
to, say, class F but not in another. 


max 


Atané 
AU 
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Figure 1, maximum rise in tan 8 (Y%o/kv) as a function of aging time 
(months). Curve 1, 3, 5, 7: aging with 135°C and 18 kv (corresponds to 
approx. 3 times the service voltage determined on the basis of the insu- 
lation thickness of the sample). Curve 2, 4, 6, 8: aging with 135°C only. 
Curve 1, 2: Micadur insulation (glass cloth, special synthetic resin, mica 
paper). Curve 3, 4: paper, mica paper and Micadur synthetic resin. 
Curve 5, 6: paper, asphalt, and mica splittings. Curve 7, 8: glass cloth. 


polyester, and mica paper. 
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With simple equipment (low-voltage 
motors, dry-type transformers) such 
tests can be performed successfully 
within a reasonable length of time 
without undue expenditure. 

As an example, figure 1 shows the 
behavior of different insulation mate- 
rials in an aging test at 135°C. 
Copper bars were insulated with the 
insulation. The insulated bars lay 
freely in the aging oven; that is, they 
were not held in any slot model. The 
A tan §/A ky values on the ordinate 
are simply a measure for the alter- 
ation of insulation quality as a func- 
tion of the aging time. How this value 
rises and what it signifies is shown 
in appendix II. It can be clearly seen 
that material combinations, which 
themselves belong in the same thermal 


2,0 
Un 

Figure 2, influence of curing tempera- 
ture on the dielectric properties of a 
synthetic resin insulation. Power fac- 
tor (tan 8) as a function of the volt- 
age U measured on an insulation at 
20°C. Curve = cured at 140°C, 
Curve 2> “cured at 110°C. Uy= 


rated voltage. 
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class, behave very differently with 
respect to the measured values. 

The however, 
when the important stress occurring 


picture changes, 
continuously in service is not only 
thermal but also electrical,as is usual 
with high-voltage The 
dangerous stress which very quickly 


equipment. 


causes significant aging of the insu- 
lation is not the potential as such, 
but the fact that there are electrical 
discharges both inside and on the 
surface of the insulation, the form of 
which may vary from a glow to actual 
arcing discharges. This is especially 
important when the ability of the in- 
sulation material to withstand corona 
determines what corona intensity is 
permissible. The classic example is 
the stator winding of high voltage 
rotating machines. Here, only that 
sort of corona which endangers the 
life of the machine is undesirable— 
those factors usual with transmission 
lines and other outdoor equipment 
(e.g. radio noise, corona losses) have 
no significance whatsoever. 

Since the definition of the test is 
based only on the proof of thermal 
quality, it is not possible to distinguish 
whether the voltage or the heat is the 
main cause of failure. For example, 
too little is known to assert that the 
functional test shows that a system 
meets, say, class F. Even when corona 
might be the main cause for aging of 
the result indicates the 
service temperature that the equip- 
ment can withstand, not which volt- 
age. 


a system, 


With small low-voltage equipment. 


Figure 3, photograph of the model test with complete generator half-coils. 


the determination of the materials 


which do not meet the requirements 
is mostly very simple, and an ex- 
change for a similar but better mate- 
rial is possible without much compli- 
cation. However, the compatibility of 
the individual materials is a very im- 
portant factor in the case of high 
voltage insulation systems. An. alter- 


ation in the system is usually accom- | 


panied by further changes. 


When any enamelled wire or slot 


liner in a motorette test correspond- 


ing to the AIEE proposals suffices for 


a particular thermal class, then in | 


practically all cases it will also suffice 
for the stator winding of a correspond- 
ing motor, since the constructions 
hardly differ in their essentials and 


the decisive stress is solely the hottest - 


spot temperature. Accordingly, a list 
of materials recommended on the basis 
of such tests is possible. With high 
voltage insulation, however, the manu: 
facturing process, among other things. 
also plays a decisive role. Bad impreg 
nation, solvent separation, humidity 
during service, etc., result in voids in 
the insulation. The thermal durability 
of the material will be hardly influ- 
enced by this, even if the heat con- 
ductivity becomes a little worse. How- 
ever, with materials sensitive to co- 


rona, the rate of aging will be sig- - 


nificantly influenced by the discharges 
taking place in these voids. 

Figure 2 shows an example of the 
difference in insulation quality when 
one of the many variable factors in 
manufacturing is changed. 


Test Layout for Functional 
Tests with High-Voltage Systems 


For small motors and dry type 
transformers, a type of standard was 
developed which now exists as a rec- 
ommendation. All service conditions 
can be simulated in a single model 
test without great difficulty. The ob- 
jects are small, simple models can be 
produced, and even original ones can 
be used for testing purposes. A large 
number of variants can be simultane- 
ously tested without large expendi- 
tures. 

In contrast, high-voltage equip- 
ments are mostly big. It is hardly 
possible to test with the original 
object. For example, let us consider 


the insulation of the stator windings 

of a large generator, which is perhaps 

the most complicated case. 

The factors which influence all the 
results and the conditions which must 
be maintained are: 

a) The price of the insulation mate- 
rials and the wages paid for insu- 
lation of the winding are an 
important part of machine costs 
and must therefore be kept low. 

b) It must be possible to fit, and if 
necessary (e.g. due to failure dur- 
ing service), dismantle the half- 
coils individually without damag- 
ing them. 

c) The insulation is thermally 
stressed. 

d) The insulation is electrically 
stressed, but, due to technological 
and constructional reasons, corona 
is not completely avoidable. The 
insulation is also exposed to dis- 
charges and to possible corona 
products. 

e) The expansions of copper, iron, 
and insulation as a function of 
temperature are very different, so 
that during a change in the gen- 
erator load, large displacements 
and mechanical stresses occur in 
the winding. 

f) The occurrence of humidity and 
dirt is unavoidable. 


Special requirements of design 


ge 


must always be taken into con- 
sideration. 

It is clear that the large number 
of elements of such an insulation sys- 
tem, from strand insulation to corona 
protection, must be tested under all 
stresses with respect to their behavior 
and mutual influence. This is impos- 
sible in a single test. Division of the 
test is necessary. In order to avoid 
many variants, extensive preliminary 
tests on individual materials with in- 
dividual stresses are indispensable. 
These tests can then be kept very sim- 
ple, since the more complicated and 
costly test with the selected material 
remains unavoidable. For example, 
80% of the tested synthetic resins 
could be designated as inapplicable 
for use as impregnating resin for the 
insulations of stator windings (hottest 
spot 130°C), by means of a visual 
examination after aging the resins for 


a few days at 150°C. With the rest, 


Figure 4, endurance tests with mechanical stress on the head part, tem- 
perature and voltage. T = test bar. S = model slot. The insulation is 
stressed with two times the rated voltage Uy and is bent until electrical 
breakdown occurs. 


Figure 5, results of an endurance test with temperature and voltage. The 


test bar was pressed between plates in one part and in the other part was 
free. Corresponds to both the extreme cases of stretching a half-coil in the 


slot of a stator. 


complicated model tests were carried 
out until only a few resins with the 
best prospects for success were se- 
lected. This selection was then used 
for the concluding test. Figure 3 
shows such a test. The copper con- 
ductor was heated with an electric 
current and the dummy slot was 
cooled with water in order to attain 
the particular temperature drop over 
the insulation. The heating current 
is switched on and off in a cycle of 
a few hours (cooling down to 20°C, 
heating up to 155°C at the copper, 
80°C at the slot wall). The insulation 
is stressed with 1000 such heat-cool 
cycles. Apart from this, a voltage of 
18 kv is applied to the copper, cor- 
responding to about 1.5 times the 
service voltage. The end connections 
are stretched and the half-coils have 
the same tolerance in the model slot 
as could be expected in a machine. 

For stresses which cannot be simu- 
lated in the model slot, the best course 
is to perform special tests in each 
case. The aged bars in the model slot 
are, for example, subjected to a me- 
chanical test which corresponds to the 


mechanical stresses during assem- 
bling and dismantling of the bars and 
during short circuits (see figure 4). 
The insulation is stressed with volt- 
and temperature during the 
mechanical test. 


age 


The smallest design change is often 
enough to evoke a different type of 
aging. For example, the results of a 
test with current and voltage are 
shown in figure 5. The thermoplastic 
resin proves excellent if the bar fits 
tightly in the slot, but if there is toler- 
ance in the slot, it is very bad. For a 
rough demonstration, a part of the 
half-coil was pressed between plates 
and the other part lay free. In the 
non-pressed part, the insulation loos- 
the copper and. 


corona set in, thereby disintegrating 


ened itself from 
the resin, and the gases generated 
caused the insulation to swell. 

The test engineer should be able 
lo estimate the stresses correctly and 
spread them between individual tests, 
although the main stresses must be 
present in every test. With high volt- 
age systems it is seldom possible to 
have a test which reproduces all the 
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service conditions clearly and exactly. 
Possibilities of Accelerating the Tests 


The necessity to perform, one after 
another, the test for the first selec- 
tion, the tests of the various com- 
ponents of the system, and the final 
concluding tests compels acceleration 
of the tests as much as possible. 

An acceleration of the tests by in- 
creasing the temperature of the cop- 
per conductor is an obvious possi- 
bility, because the temperature is 
usually one of the main stresses and 
there is a law (see appendix I) which 
vives the relation between the aging 
temperature and life. It is best to 
choose an aging temperature one class 
higher than the hottest-spot tempera- 
ture to be expected in service. Me- 
chanical stresses should only be in- 
creased slightly above the 
figures, if at all. 

The test conditions become difficult 
to survey when the voltage influence 
has to be considered. An increase in 


actual 


voltage can transform glowing dis- 
charges into arcing discharges so that 
the arcing points attain a tempera- 
ture several times higher than the 
test temperature. 

Another way of accelerating aging 
is by increasing the frequency of the 
applied voltage (e.g. 1200 c/s in- 
stead of 60 c/s), the rate of destruc- 
tion by electron bombardment being 
increased but the chemical reactions, 
which might possibly have a much 
greater influence on the rate of aging, 
are hardly hastened by it. These are, 
however, strongly influenced by a 
change of temperature. Because of the 
chemical reactions the test should also 
be carried out periodically at room 
temperature in every case so that the 
corona products, such as ozone, vari- 
ous nitrogen oxides, etc., can combine 
with water to form acids. 

The anticipated possibilities must 
always be weighed carefully on the 
basis of the results of fundamental 
tests. Figure 6 shows an example of 
the two principal cells for corona 
tests. With such test cells it could, for 
example, be determined that a_par- 
ticular silicone rubber was good or 
bad, depending on the cell in which 
the test was carried out. A semi-con- 
ducting layer was formed on the sam- 
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ple with direct electrodes which pro- 
vided corona protection, so that all 
corona was suppressed. Thus, the 
sample proved itself to be resistive 
to corona. In the French cell, the rub- 
ber was attacked, especially by the 
nitrogen oxides, so that it lost all me- 
chanical strength after a short time. 
The half of the sample which was 
not directly between the electrodes 
also lost its mechanical strength, hav- 
ing been attacked by the gases. The 
half of the sample which was between 
the electrodes crumbled to pieces com- 
pletely under the electron bombard- 
ment because it did not have any 
mechanical strength left. 

With all these considerations one 
must reflect on what has actually 
taken place and what else could hap- 
pen. The choice of the correct magni- 
tude of the stresses demands a lot of 
experience and should be reconsid- 
ered from case to case. Every insula- 
tion can naturally be tested to de- 
struction in a short time. The test 
should, however, be such that con- 
clusions with respect to actual service 
are possible. 


Evaluation and Critical Examination of 
The Test Results as Well as 
Continuation of Aging 


Philosophy says that the test should 
produce the proof that the insulation 
is in a position to fulfil its destined 
task in service. In order to produce 
this proof, a relation between test and 
reality has to exist in order that the 
results may be converted to reality. 
This conversion can be calculated by 
means of a known law (appendix I) 
for the tests with thermal stresses. It 
is naturally assumed that the criterion 
for the failure of the system or a part 
of the system actually gives the de- 
sired information on its serviceability. 

The conversion of the results of 
other tests as they are represented in 
figures 7 or 8, or even in figures 3 
and 4, can be accomplished only by 
a relative comparison. It can be stated 
that the corona protection paint A 
has proved successful in service and 
withstood friction x times whereas 
the paint B withstood friction signifi- 
cantly less than x times. It is impos- 
sible to estimate how much worse it 
will prove to be in service. It is only 


certain that B is worse than A and 
therefore there is a risk of its failing 
in service. 

The test represented in figure 8 


was used to select the most suitable | 
insulating tube between the grounded _ 


part and the part under voltage of 


compressed air equipment. It was | 


feared that the humid compressed air 


or, when kept outdoors, the weather — 


conditions would favor creepage on 
the insulation. The tube became pro- 
gressively weaker until the com- 
pressed air burst it open. The applied 
voltage which was double the service 
voltage and the aggravated external 
test conditions caused all the tested 
tubes, stressed for different lengths 
of time, to fail within six months. 
With respect to the expected service 
life, it could then be stated that the 
tube C was by far the best in the test 
and should also prove to be the best 
in service. 

It is not advantageous with large- 
scale tests to adopt the usual practice 
of, say, applying a test voltage peri- 
odically in order to undertake a sepa- 
ration and to obtain a measure for 
the degree of aging. Too few samples 
can be tested within a reasonable time 
and at tolerable expense in order to 


Figure 6, test arrangement for funda- 
mental corona tests. A) French cell: 
1—One sample between the electrodes 
and the other exposed only to the 
gaseous corona products. 2—Air gap 
(corona space). 3—Micaver plates 
260 X 180 X 2 mm. 4—High voltage 
electrode (8 kv, 50 c/s). 5—Glass 
spacer (2 mm). 6—Ground electrode. 
B) Cell with direct electrodes (meas- 
ures in mm): I1—Sample. 2—High 
voltage electrode (15 kv, 50 c/s). 
3—Ground electrode. 


| 


| 
| 


‘=o... oe 


obtain a sufficient number of break- 
down values to evaluate them statis- 
tically. The results have a large dis- 
persion because of the difficulty of 
reproducing the samples exactly and 
because of the many other non-con- 
trollable factors. It is not the average 
but the minimum value which has to 
be determined. 

Tests on systems where service ex- 
perience is available and on newly 
developed systems should therefore 
he carried out simultaneously in such 
cases. The tests should be checked 
periodically against non-destructive 
measurements in order to obtain a 
measure for the aging and any 
changes taking place. Such measure- 
ments regarding the behavior of the 
so-called comparison systems should 
also exist in order to obtain a time 
calibration of the accelerated test. 
Known non-destructive tests are as 
follows: 

a) Measurement of insulation resist- 
ance as a function of d-c voltage. 

b) Measurement of the absorption 
current. 

c) Measurement of the polarization 
index. 

d) Measurement of ionization. 

Visual observations are also very im- 

portant. 

Conclusions regarding the happen- 
ings in the system can be drawn from 
the changes in the measured values 


-and can be derived from experience. 


For example, an occurrence of corona 
between the turn insulation and the 
slot insulation affects the aging. It 
can therefore be stated that corona 
will destroy the turn insulation at 
some time or other. This leads to a 
short circuit between the turns and 
subsequently to ground leakage. This 
case can hardly be simulated on the 


Figure 7, test arrangement for test- 
ing the frictional strength of corona 
protection paints. 
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Figure 8, lest arrangement for testing the serviceability of insulating 


tubes for a compressed air system. 


basis of a single test, but the results 
of aging can be easily constructed 
theoretically. 


Conclusions 


When testing high voltage insula- 
tion a final test is indispensable. This 
is carried out by means of a model 
test, to simulate the service condi- 
lions, representing at least the essen- 
tial cycle of operation. 

It is useless to standardize such 
tests; it may even be dangerous be- 
cause of the complex problems in- 
volved, because there are deviations 
in the test parameters, and because 
the test arrangement, the evaluation, 
and the judgement of the results de- 
pend, among other things, on the 
material to be tested and on the ex- 
perience of the test engineer. The con- 
structional details can also be of great 
significance. The financial outlay for 
such tests is heavy and experimental 
information often has to be bought 
dearly. The firms which carry out 
such tests only publicize their experi- 
ence very hesitatingly, or not at all. 
Reproduction of the tests by a sec- 
ond person is very difficult. The new 
philosophy on the classification of in- 
sulation materials consequently de- 
mands the trust and confidence of the 
outsider in the correctness of the tests 
and their evaluation. A check on the 
suitability of the materials used with 
the help of a list, as was once possible 
for classification according to chem- 


ical properties, is inconceivable. 
Appendix I 


The dependence of life on the oper- 
ating temperature of the test or equip- 
ment is given by 


1 
loom l= a 
og a+b T 
ee lite 
T  =temperature 
a, b = constants 


Appendix Il 


In Europe it is usual to view the 
power factor as a measure of corona 
in the system. Tan 8 is measured as a 
function of the voltage and is then 
somewhat differently evaluated de- 
pending on the particular firm. The 
voltage at which the rise of the curve 
begins is designated as the corona in- 
ception voltage. The rate of rise of the 
curve, which is a measure of the 
corona intensity, is evaluated differ- 
ently. The maximum rise in tan 8 is 
used in the present report. The rise 
is given by 

A tan 8 


eps: 
ens % kn 
(tan 8 X 100 =tan 8 %). 


Acknowledgement 


The author is grateful to Mr. Milan 
Moravec for carrying out the meas- 
urements and arranging the test set- 


ups. 


Insulation, December, 1960 77 


ot rve® 13 ‘ 

a ine wn pooth® 
Vice” pred”. wis 

pP C {0 


At the conference... 


| — 
Johns-Manville presents 


an exciting exhibit of all > 


,.. the industry’s widest selection of p 
electrical insulation materials 


Here’s your chance to examine and compare 
every product in the entire Johns-Manville line 
for the electrical industry. 

New J-M fiber glass insulations, J-M’s 
Dutch Brand products and J-M’s asbestos elec- 
trical insulations—all give Johns-Manville to- 
day’s widest selection of electrical insulation 
materials. 

So don’t miss the Johns-Manville exhibit . . . 
at Booths # 90, 91 and 92, Conrad Hilton 
Hotel, Chicago, Illinois . . . December 5 
through 8. 
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Yarns for — 


Narrow Fabric Building Cable 
Sleeving and Tubing - Aircraft Cable 
Magnet Wire Braided Lacing Tape 
Broad Fabric Flat Sheet Laminates 
Varnished Fabric Slot Wedges 
Banding Tape Slot Sticks 


Zs - Dutch Brand electrical 


tapes 


- Polyester « Flat Back Paper 
« Glass Cloth - Crepe Paper 
- Acetate Cloth ¢ Cotton Cloth 


Dutch Brand electrical tapes are 
available in a variety of thicknesses 
and widths... with special 
adhesives . . . pressure-sensitive 

or thermosetting. 


5s - Quinterra® Quinorgo® 
Electrical Insulations 


These class “‘B’”’ and class “H’’ insulations are 
specially formulated, heat-resistant products 
made of highly purified asbestos, combined 
with high temperature resin saturants. Fur- 
nished in flexible and rigid forms. 
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... the world’s largest manufacturer of glass-bonded mica, ceramoplastic and synthetic 
mica products .. . important and versatile materials used to solve high-temperature 
insulation applications up to 1550°F in electrical, electronic, and nucleonic industries. 


Machinable formulations : 
SUPRAMICA® 620 ceramoplastic SUPRAMICA 500 ceramoplastic 
MYCALEX® 400 glass-bonded mica) | MYCALEX 385 glass-bonded mica 


Precision-molded formulations: 
SUPRAMICA 560 ceramoplastic SUPRAMICA 555 ceramoplastic 
MYCALEX 410 glass-bonded mica MYCALEX 410X glass-bonded mica 


Affiliated Companies 


MYCALEX ELECTRONICS CORPORATION 


... manufacturer of electromechanical commutators for time-division multiplex tele- 
metering, timing, and control switching. Since 1948, when MyCALEX ELECTRONICS Cor- 
PORATION pioneered the first precision-molded MYCALEX 410 glass-bonded mica, 180- 
contact commutator plate, MYCALEX switches have introduced exceptional accuracy 
and dependability never before approached in mechanical switching. Recent advances 
have produced commutators with as many as 450 contacts on a 3” commutation plate. 


COMMUTATION SWITCHES COMMUTATOR PLATES 


SYNTHETIC MICA COMPANY 


... in 1955, MYCALEX CORPORATION OF AMERICA formed the Synthetic Mica Company 
and opened the first plant in the world for commercial production of synthetic mica— 
freeing America from any threat of a critical mica shortage in war or peace. Now indus- 
try and the military are assured an adequate supply of this critical and basic material. 

An intensive and diversified Research and Development Program is carried on by 
MyYCALEX CORPORATION OF AMERICA at its technical center located at the Synthetic 
Mica Company facility. This broad scale program is constantly developing new manu- 
facturing techniques and materials to supply the ever-increasing demands and rigorous 
requirements of the electronics and allied industries. 


SYNTHAMICA® 202 synthetic mica SYNTHAMICA paper (with and without binder) 
And other synthetic mica formulations ... for use up to 1832°F. 


MYCALEX TUBE SOCKET CORPORATION 


. .. produces a superior line of miniature and subminiature tube sockets and transistor 
sockets, precision-molded of glass-bonded mica and ceramoplastic. These advanced 
components feature close tolerances, low dielectric loss with high dielectric strength 
and high arc resistance. They exhibit high dimensional stability over wide humidity 
and temperature ranges. 


TUBE SOCKETS TRANSISTOR SOCKETS 


Engineering and Design Assistance 


From its inception, MyCALEX CORPORATION OF AMERICA has maintained a staff 
of experts in the production and engineering of electrical and electronic insulating 
materials. Their experience includes both commercial and military projects, and present 
activities encompass both applied research and product development. Mechanical and 
chemical skills are available to assist customers in the design and evaluation of com- 
ponents for virtually all insulating purposes. You are cordially invited to make use 
of these and our other services, established for your convenience. 


General Offices and Plant: 124 Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. 
World’s largest manufacturer of glass-bonded mica, ceramoplastic and synthetic mica products 
Print Ins. 39 on Reader Service Card 
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World-Wide Insulation Report—Japan 


Utilization of Unsaturated Polyester Resin 
For Small-Capacity Electrical Rotating Machines 


By Wataru Koga, Makio Miyairi, and Tetsuo Ogawa, Yamazaki Works, Hitachi, Ltd., Japan. 


Introduction 


It is well known that unsaturated 
polyester resin in liquid state can be 
used for electrical insulation. West- 
inghouse has successfully utilized this 
material for stator coil insulation of 
generators. However, since curing of 
unsaturated polyester resin is affected 
by oxygen, curing of the air contact- 
ing surface is inhibited. This can be 
prevented by adding a small amount 
of paraffin or wax to the resin before- 
hand. The wax or paraffin is pushed 
out to the surface during the curing 
treatment and forms a thin film coat- 
ing to prevent exposure to air and 
thus permit surface curing. Good re- 
sults can be obtained in respect to 
electrical characteristics when , this 
_ method is used, but adhesion between 
insulation coating layers is hampered 
in the case of multi-coats, which leads 
to separation of the insulation coating 
layers. Also, the coating property of 
unsaturated polyester resin is gener- 
ally poor. 

Owing to the above shortcomings. 
unsaturated polyester resin has been 
used very little as impregnating ma- 
terial for small-capacity electrical 
rotating machines. 

Hitachi, Ltd. has recently produced 
an air drying type unsaturated poly- 
ester resin called “Polyset 202” for 
electrical insulation. The surface cur- 
ing property and coating property 
have been improved. This product is 
being used for impregnation of coils 
of small capacity motors with result- 
ing improvement of motor character- 
istics and reduction of cost. 

This report deals with the results 
obtained in the characteristics test on 


“Polyset 202” and the life test by 
means of the motorette. 


Characteristics 
Properties of Polyester Resin 


Table 1 shows an example of the 
test results on liquid resin. The film 
pick-up or build-up is about the same 
as that of conventional varnishes. 
However, a small amount of super- 
fine silica powder should be added 
when a thick pick-up is desired with 
one coat. Table 2 shows the results of 
tests for adhesion and boiling resist- 
ance, in accordance with general var- 
nish tests. The results indicate good 
adherence on metals and show that it 
is not affected after one hour boiling 
in water. 

Next, the difference in electrical 
properties of resin plate and coated 
film were examined. The resin plate 
specimen of 2 mm _ thickness was 
made under the conditions given in 
table 3. Conductive paint was coated 
on it to serve as an electrode. The 
dielectric loss tangent was measured 
by a Schering bridge at 60 cycles 
and 1,000 v. The volume resistivity 
was measured by the d-c direct de- 
flection method. 

The coated film specimen having a 
thin coat thickness of 0.1 mm or less 
was made by flow coating and hung 
to dry. Therefore, some monomer 
evaporated. Then, the specimen film 
was formed under the conditions 
eiven in table 3 for three kinds of 
combinations differing in gel starting 
time and curing time. Tin foil was 
pasted on the film coat to serve as an 
electrode and the same tests were 
applied as in the case of the resin 
plates. 
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Figure 1, relation between dielectric 
loss tangent and temperature. 
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Table 1, Example of Test Results on Resin 


Test Value Note 
Color <7 Gardner-Holdt 
Viscosity, Poise at 25°C 1.2 Gardner-Holdt 
Specific Gravity 1.076” EoR pa 
Acid Number 12 — 
Solid content (%) 60 — 
Stability , Good 5) oe 2 

Curing Properties 
Tack Free (hrs.) 25°C ieee Formulated for 

room temp. 
Dust Free (hrs.) 25°C 4.0 curing 
PIT-20" 1% 
Pick up, middle part 0.04 CT-3** ef % 
(mm) ane 
Gel Time 
Cars 17 42 min. e& v 
CT-1* 20% cae ee ee 
CP-138o 21 min. | ; 
* Promoter 
**Catalyst 


Table 2, Adhesion Property and Effect of Boiling in Water 


Flex- Cross- Im- Scratch Eritch- Effect 
ibility cut pact Hard- sen of 
Curing mm ‘Test Gardner ness Test Boiling 
Condition mandrel (%) (kg-cm) Test (mm) in 
Water 


Room Temp. 3 @ OK 100 11.5 Passed 
Curing, 3 days 
130°C—3 hrs. 3 @OK 100 11.5 Passed 


Table 3, Method of Preparation of Motorette 


Coated Coated Coated 
Film Film Film 


Plate (A) | Plate (B) Plate (C) 
Polyset 100 parts 100 parts 100 parts 100 parts 
by wt. _by wt. by wt. 


60°C-2 hrs.>]| Ist coat lst coat “ist coat 
80°C-1 hr. > [60°C—1 hr. > 1 95°C_2 hrs.J105°C—1 hr.» 
105°C-—2 hrs. 2nd coat 2nd coat 2nd coat 
Curing 60°C—1 br. > 1105°C-2 hrs.] 105°C-1 hr. 
Condition 3rd coat 

60°C-1 hr. > 

150°C-1 hr. 
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Figure 4, model motor used in motor- 
ette test. 
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Table 4, Schedule of Heating 
Temp. (°C) Class A Class B 
(SPT SE Fg Se RRR 


20043 = 2 
180+2 z 8 
160+2 8 3 
140+2 28 28 


12542 


As can be seen, the characteristics 
of the resin plate and coated film 
plate differ noticeably. 

The characteristics of the coated 
film are poorer because of changes in 
the cured resin due to evaporation of 
monomer. When the curing time is 
shorter, the monomer loss is less and 
consequently, the electrical properties 
are better . . . but the pot life is too 
short and this causes difficulty in proc- 
essing. According to W. Gebhardt,1 
there is the following relation be- 
tween film thickness, gel time, and 
percentage monomer evaporation: the 
amount of monomer which evaporates 
from a film of 45 y thickness with 
11 minutes gel time will be 77% at 
11°C. Even when the film thickness is 
175 yp, the loss will be 65% under the 
same conditions and will be 75% at 
27°C. It is reported that the monomer 
evaporation is influenced mostly by 
the temperature and is not affected 
by the humidity in the atmosphere. 
When a small amount of wax is added 
to the film, as mentioned before, the 
monomer loss can be suppressed to 
less than 10% but it will be unsuit- 
able as an electrical insulating im- 
pregnant. However, although mono- 
mer does 
which impregnates coil parts during 
actual coil treatment can be expected 
to have the same characteristics as the 
resin plate. Thus, there should be no 


evaporate, the portion 


’ problem. 


Impregnation with Resin 

Some methods of insulating treat- 
ment suitable for small capacity 
motors on the basis of preceding test 
results are as follows. 


Room Temperature Curing Method 


When a promoter and catalyst are 
used for room temperature curing, 
the pot life of the resin is short. 
Therefore, the following method is 


Table 5, Check Voltage for Sequence 
Testing 
Check Voltage 
(rms V 

Testing Part at 50 cps*) 
To Ground 600 
Between Windings 600 
Between Conductors 120 


*Double the voltage specified by 
AIEE. 


convenient. 

First, prepare two mixtures, A and 
B. Mixture A will be stable for more 
than one month while mixture B will 
be suitable for about three days. 


Mixture A: PS-202 100 parts 
Promoter PT-20 2-3 parts 
Mixture B: PS-202 100 parts 
Catalyst CT-3 2-3 parts 


Mix equal amounts of mixture A 
and B before use and apply by dip 
coating. The 
amounts of the promoter and catalyst 
in the liquid mixture will be 1 and 
1.5% respectively. Figure 3 shows an 
example of the relation between the 
curing temperature and curing time. 
If the curing time becomes too long, 
dust may adhere and soil the coating 
and the curing time will tend to be- 
come still longer due to the effect of 
moisture in the case of high humidity. 
Therefore, should be con- 
ducted with a temperature of 25°C 
or higher for practical purposes. The 
curing time can be greatly shortened 


coating or brush 


curing 


by using the infrared ray lamp or 
air bath heating method. 


. . Method I 


After mixing and dissolving with 
the following formula, apply the mix- 


Oven Curing . 


ture by dip coating or brush coating. 


PS-202 100 parts 
Promoter PT-23 1 part 
Catalyst CT-4 1-2 parts 


In this case, the pot life will be 2 
or 3 days at 25°C. Figure 3 shows an 
example of the relation between the 
curing temperature and curing time. 
This method has the disadvantage of 
a shorter pot life than the following 
method II but its curing time is short 
while the impregnated condition and 
electrical properties are better. 


. . Method II. 


After mixing and dissolving with 
the following mixture ratio and order, 


Heat Curing . 


apply the mixture by dip coating or 
brush coating. 


PS-202 100 parts 
Promoter PT-23 1 part 
Catalyst CT-1 1-2 parts 


In this case, the pot life is 20 days 
or more at 20°C. Figure 3 again 
shows an example of the relation be- 
tween the curing temperature and 
curing time. 

Since the pot life is long, the liquid 
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Figure 6, relation between tempera- 
ture and life. 
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resin control is easier than in the 
above method I, but the impregnated 
condition and electrical properties are 
slightly inferior. 


Evaluation of Life by Motorette Test 


Testing Method 
Specimen 

A model motor. i.e.. motorette, was 
constructed according to the test 
method specified by AIEE. The size 
of the model slot used in this test is 
the same as the slot of a 200v, 200W 
standard induction motor. 

The insulation structure is the same 
as that of an actual motor. The only 
difference is, that in order to imitate 
a wire short circuit in the motor, two 
coils were wound in parallel in the 
motorette to check the breakdown 
voltage between coils. 


Deterioration Promoting Method 


The deterioration 
ducted with heating, vibration, and 


test was con- 
moisture absorption as one cycle. The 
heating time of one cycle is given in 
table 4. A mechanical vibration of 
3.000 cpm frequency, 0.2 mm ampli- 


tude, and 1 g acceleration was ap- 


o 


plied in vertical direction on the coil 
surface immediately after 1 hour of 


heating. The motorette was left in for 
3 days at constant temperature and 
constant humidity of 40°C and 70% 
RH for moisture absorption treat- 
ment. 


aK 


Judgment of Life 


Directly after the heating, vibra- 
tion, and moisture absorption of one 
cycle, the test voltage given in table 
5 was applied for 15 minutes. Failed 
motorettes were considered as having 
reached the end of their lives. 


Coil Insulation Structure 
And Varnish Treatment 


Three kinds of enamelled wires, 
ie., polyvinyl formal wire, polyure- 
thane wire, and polyester wire, hav- 
ing a conductor diameter of 0.6 mm 
and heavy coating were used as 
samples. A slot liner, consisting of 
“Mylar” film of 0.038 mm thickness 
and kraft paper of 0.25 mm thickness 
pasted together, was used for insula- 
tion to ground. For layer insulation, 
kraft paper of 0.13 mm thickness was 
used in the slot and pressboard of 
0.25 mm thickness was used at the 
coil end outside the slot. The motor- 
ette having the above described insu- 
lation structure was given the varnish 


treatment listed in table 6. 


Table 6, Specifications of Atmospheric*** Pressure Impregnating Treatment for Moforette 


Results of Life Test 


First, the life test was conducted 
on samples Nos. 1, 2, and 3. The re- 
lation between the life and tempera- 
ture obtained from the test results is 
shown in figure 5. Figure 5 shows 
that No. 3 has a much longer life than 
the other two. Since these three 
motorettes were considered as having 
class A insulation, the heating condi- 
tions for class A given in table 4 were 
applied. However, as the test pro- 
gressed, it was found that motorette 
No. 3 had a much better heat resist- 
ance than the others. Therefore, in 
order to complete the test in a shorter 
time, the heating condition was 
changed to the class B test method 
(table 4) for sample No. 3 midway 
in the test. 

This test alone is not sufficient to 
clarify whether the very long life of 
No. 3 is due to the use of polyester 
enamelled wire of good heat resist- 
ance, the unsaturated liquid polyester 
resin used as the impregnating ma- 
terial, or the vacuum impregnating 
treatment. In order to clarify this 
point, motorettes Nos. 4 and 5 were 
made exactly the same as No. 3 except 
that the treatment conditions were 
altered. The test results are shown in 


Enamelled wire, 


Treatment 0.6 mm 
Specimen No. Heavy Coated 
1 Polyvinyl] formal 


Impregnating Material 


Drying or 


Mandrel Flexibility 
of Impregnating 
Material 


Curing 


CG) 


enamelled wire Thermoset Varnish*A 120 120°C, 24 hrs..3,0) 
2 Polyurethane ; 
enamelled wire ___ Thermoset Varnish**B 130 120°C, 24: hrs 
—) Polyester 

enamelled wire 7 __ Polyset 202 80 125°G, 4chrs..23@ 
4 a Polyset 202 80 125°C) 4 hrs2va@ 
5 as Polyset 202 105 125°C? At hrseeow 
6 7 Thermoset Varnish A 130 120°C, 24 hrs. 3.7 
ee a oe Thermoset Varnish B 130 120°C, 24 hrs..3@ 

8 ; Thermoset Varnish A 105 
120°C. 924. hrs o a 


*Phenolic:—Shot oil 
** Phenolic:—Medium oil 


Se, < ; CCU ILS j ] 
Note: Atmospheric pressure used for all specimens except No. 3 which was vacuum impregnated. 
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Thermoset Varnish B 


24 hrs., 3@ 


) 120°C, 


- 


figure 6. When the test results of Nos. 
3 and 4 are compared, it can be seen 
that the effect of the vacuum treat- 
ment is quite apparent. That is, the 
motorette’s life can be lengthened 
noticeably by increasing the varnish 
impregnating amount in the case of 


PS-202. 

Sample No. 5 was given high-tem- 
perature, short-time drying treatment. 
The results of the test show that, to 
some degree, raising the drying tem- 
perature is effective in accomplishing 
sufficient curing. 


Unsaturated polyester resin was 
used on polyester enamelled wire for 
each of the above motorettes Nos. 3, 
4, and 5. However, motorettes Nos. 6 
and 7 were made to study how the 
polyester enamelled coil is affected by 
the type of impregnating material. 
The results are given in figure 7. As 
seen in figure 7, Nos. 6 and 7 have 
a much shorter life than No. 5. How- 
ever, the results of this test alone do 
not clarify whether such life differ- 
ences are due to the effect of residual 
solvent on the polyester enamelled 
wire, or that the thermosetting type 
varnishes are basically unsuited for 
polyester enamelled wires. Therefore, 
samples Nos. 8 and 9 were made to 
study this point. They were made by 
drying (curing) for a long time to 
completely eliminate the residual sol- 
vent. Figure 8 shows the test results. 
_ When compared with the test re- 
sults for Nos. 6 and 7, it can be seen 
that the life at high temperature has 
been improved noticeably. The life 
curves of Nos. 6 and 7 intersect with 
the life curves of Nos. 8 and 9 at the 
low temperature zone. This indicates 
that the residual solvent has a detri- 
mental effect, especially in the high 
temperature zone, and greatly short- 
ens the life of Nos. 6 and 7 in the 
high temperature zone. For this rea- 
son, it would be dangerous to extend 
the life curve of the high temperature 
zone directly by a straight line to the 
low temperature zone. It can be con- 
sidered that the straight lines of Nos. 
3 and 9 indicate the actual life and 
that the straight lines of Nos. 6 and 7 
have bent from the straight lines of 
Nos. 8 and 9 at the high temperature 
zone. In each case, the life is much 
shorter than when polyester resin was 


used. E. L. Brancato? has reported 
that initial breakdown will occur be- 
tween wires in most cases when the 
heat resistances of the various insulat- 
ing materials are balanced but will 
usually occur between layers and to 
ground when the heat resistances are 
not balanced. This tendency was ob- 
served in these tests also. Breakdown 
of insulation to ground occurred most 
often in the case of Nos. 7 and 8. 

The results of the above tests in- 
dicate that the combination of poly- 
ester resin and polyester enamelled 
wire provides a longer life than other 
combinations. 


Conclusion 


Various tests were conducted on an 
unsaturated polyester resin which has 
good coating and air curing proper- 
ties and flexibility. 

Since there were no available re- 
ports for reference concerning this 
original trial application of liquid 
polyester as a coil impregnating ma- 
terial, final judgement was deter- 
mined by a life test by use of a 
motorette. 

1) The viscosity and pick-up prop- 
erty were the same as that for conven- 
tional insulating varnish. However, 
when a thick pick-up is desired, it is 
best to add a thixotropic agent such 
as super-fine powdered silica. 

2) The pot life was examined for 
practical combinations of promoter 
and catalyst to obtain data for liquid 
resin control, and it has been ex- 
plained that proper selection is re- 
quired according to the purpose. 

3) The electrical characteristics of 
resin plate differ from that of coated 
film plate. It was assumed that the 
characteristics of the latter were in- 
ferior to that of the former due to 
monomer loss. 

4) According to the life test re- 
sults by the motorette, a coil impreg- 
nated with the polyester resin has a 
much better heat resistance than a 
coil impregnated with a thermoset 
varnish. 
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|New, Low-Cost 
;Protection 
for Motors 


Here's a new, low-cost epoxy resin 
system for protecting large electrical 
equipment against severe environ- 
ments. Epoxylite® #213 Motor 
Seal. Spray it on: let it dry! 


Check these features against the 
material you are now using. Then 
ask: ‘“Wouldn’t Motor Seal do a 
better job at lower cost?” 


~ Epoxylite #213 is an epoxy- 
based formulation, offering the out- 
standing chemical and solvent re- 
sistance inherent in the epoxy resins. 
It provides excellent protection 
against occasional splashing by 
acids and alkalies, water washdowns, 
mild corrosive fumes, etc. . . . the 
kind of abuse that rapidly destroys 
conventional insulation. 


¥ Low in cost, the #213 can be 
applied in 3 coats in 90 minutes 
total elapsed time, including bakes! 


¥ No special equipment required 
for application. 


~ Bake minutes at conventional 
varnish curing temperatures for 
fast processing . . . or airdry over- 
night if there’s no hurry. 


If you’re interested in offering your 
customers Epoxylite protection .. . 
using the epoxies to do a better job 
at a lower cost . . . write today for 
complete information on Epoxylite 
#213, Motor Seal, the new mois- ° 
ture-proof, chemical-resistant motor 
protection that can be applied in 
minutes. For the information, write 
or phone: 


nme EE PORMYELITE corroration 


P. O. Box 3397 
South El Monte, California 
CUmberland 3-8231 
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Chart new paths in printed circuits with Panelyte® 


As new uses for printed circuits are developed, and 
new, more demanding designs are specified—count on 
Panelyte Copper-Clad Laminates for consistently su- 
perior quality. 


tolerances or any special combination of characteristics, 


bring your copper-clad laminate Specifications to 


Panelyte. We can supply Panelyte in the 
grades: Paper Phenolic Base 


Melamine—G5; Glass Silicon 
G11. For complete infor- 
mation and the address of 
your nearest Panelyte dis- 
tributor, write Dept. INS- 
Whether you’re looking for better machinability and 1260, St. Regis Paper Co., 
adhesion, superior chemical resistance, closer thermal 
86 


PANELYTE 
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Print Ins. 41 on Reader Service Card 


At present, you can choose from a wide range of prop- 
erties in four different grades. But St. Regis® Panelyte 


is working to perfect structural qualities which will 


following 
meet your futwre needs, as well. 


—XP, XXP, XX XP; Glass 
e—G7; Glass Epoxy—G10, 


St.Regis 


World-Wide Insulation Report—United States 


New Developments in Epoxy Resins 


Part 1 — What Is an Epoxy Resin? 


and How Do You Specify One? 


By Dr. Henry Lee, Technical Director, and Kris Neville. Project Engineer, The Epoxylite Corp., South El Monte, Calif. 


Editor's Note: Electrical insulation 
involves a wedding of the two fields 
of chemistry and electrical engineer- 
ing. Very few engineers or scientists 
working on insulation can claim a 
degree in both fields. Indeed, most 
insulation engineers or chemists are 
quick to admit that their schooling 
in insulation, per se, was rather cur- 
sory—their college training courses 
merely skirted the field and concen- 
trated instead on electrical circuit de- 
sign or organic synthesis, respectively. 

With the growth of electrical insula- 
tion as a separate discipline, it be- 
comes necessary for those who took 
their learning on one side of the fence 
to look over the fence and to learn 
to help bridge the fields. 

One of the fastest growing facets 
of modern electrical insulation is that 
of electrical potting resins. For many 
years, these were tars and asphalts. 
They were regarded merely as sub- 
stances to pour into a pot around a 


‘coil to prevent the entrance of 


moisture. 

Today, with the concept of pot- 
ting, embedding, and encapsulation 
being applied to larger and larger 
equipment and smaller and 
smaller equipment . . . the demands 
on the potting compound are far more 
severe. The compound has become 
more of a structural element in the 
design of the component, and the 
utility of the potting compound en- 
larged from that of moisture protec- 
tion to a much larger role. 

Potting compounds now serve to 
protect equipment against an increas- 
ing range of chemicals, solvents, and 
mechanically destructive elements. 
The requirements of these applica- 
tions cannot be met by older mate- 
rials; and the introduction of newer 
plastics has resulted in a materials 
revolution that has only just begun. 


The fastest growing class of plas- 


tics in the electrical/electronics pot- 
ting field is probably the epoxy resins 
which have almost completely re- 


BISPHENOL 
GROUP 


placed polyesters and phenolics as 
potting and encapsulation compounds, 
and which are also making a strong 
bid as magnet wire insulation. 

The success of modern insulation 
materials formulations (such as epoxy 
resin formulation) stems mainly from 
the concept of molecular engineering, 
wherein molecules of specific shape. 
size, and configuration are synthe- 
sized to meet the needs of the applica- 
tion. Such fields are outside the 
normal schooling of most electrical 
engineers. 

Hence, /nsulation is pleased to pre- 
sent a series of six integrated articles 
on this new and growing field of 
epoxy resins, prepared by members 
of The Epoxylite Corporation research 
staff and other experts in the field. 

For those readers not familiar with 
polymer chemical symbolism, a table 
of principal symbols is included. 

e 

The world of epoxy resins can be a 

confusing thing. There are hundreds 


ETHER 
, ETHER BOND 
ie Sr eueveL HYDROXYL eae BISPHENOL EPOXY 
YDROXYL GROUP GROUP 
EPOXY ETHER GROUP ¢THER ETHER HYD ETuER 

GROUP BOND | AEN BOND sae J 
: he ins eeeens Ae ae ee 
= -CHp-O- -C- -O- -CHp-O- -C- ~O-CHz -CH—-CHe 
HpC-CH-CHp-O- -C-(~ )-0-cHe- CH CH2-O (Pt > O-CHgCH-CHz oo ; 

3 3 


CH3 


Figure 1, atom model of epoxy resin molecule compared with st 


ructural symbols (Diglycidyl Ether of Bisphenol A, De: 


gree of Polymerization of 2). Magnification, aoprax, 100,000,000 times. Credit: Devoe & Raynolds Co. 
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of epoxy resins, epoxy resin com- 
pounds, and modified epoxy resins 
commercially available from numer- 
ous chemical and formulating com- 
panies, and from a seemingly endless 
number of distributors. And all of 
these are designated by proprietary 
trade names and numbers. 

Trade names and numbers are con- 
venient for the world of commerce. 
but they do not contribute to the 
scientific formulation and application 
of epoxy resins. Indeed, the plethora 
of numbers and the absence of chemi- 
cal descriptions make it obvious that 
the term epoxy resin is becoming only 
a general chemical description, rather 
than representing a certain set of 
properties as was the case some years 
ago when only one or two of the 
first types of epoxy resins were intro- 
duced. This abundance of resin types 
gives rise to the question: “How does 
one select an epoxy resin for a given 
formulating requirement?” 


Selection of an Epoxy Resin 


The most basic procedure by which 
an epoxy resin may be selected scien- 


tifically is by the following steps: 
1. Procure samples and technical data 
sheets of all epoxy resins offered com- 
mercially and developmentally by the 
20 base chemical companies offering 
them. 48 

2. Analyze the 
methods so that the generalized, if 
not exact structure, as well as molecu- 
lar weight, equivalent weight, and 
distribution are 


resins by various 


molecular weight 
known. 

3. Review the structures as to ele- 
ment content and chemical bonds 
(i.e., internal ether rings or bonds, 
carbon-nitrogen bonds, 
rings, etc.) with regard to the chemi- 
cal resistance, and thermal stability 
required in the ultimate application. 
4. Review the structures as to types 


of epoxy groups needed as dictated 


aromatic 


by curing considerations, such as 
room temperature cure or heat cure 
requirements, and curing agent con- 
siderations, which play a large part 
in determining the properties of the 
cured acid resistance. 
alkali resistance, heat distortion tem- 


resin—1.e., 


perature, thermal stability, etc. 
5. Review curing agents themselves 


with regard to the above concepts. 

This list of steps may sound idealis- 
tic or theoretical, since some simple 
epoxy fabrication problems can some- 
timés be solved by mixing resin X 
with curing agent Y from chemical 
company Z. However, in practice, 
where the real engineering advantages 
of epoxy resins are to be incorporated 
into the product, it is becoming in- 
creasingly more common to utilize 
a formulated compound manufactured 
by an epoxy resin formulator. 


Role of Epoxy Resin Formulator 


The epoxy resin formulator is a 
specialist in the development of epoxy 
resin-curing agent systems for specific 
applications. As such, he bridges the 
gap between the base resin supplier 
and the user. In practice, the base 
resin supplier is concerned with mak- 
ing as many millions of pounds of 
resins as he can per year from certain 
raw materials available to him. His 
research chemists must necessarily be 
concerned with studying new raw ma- 
terials from which he can make new 
resins. His chemists must be long- 


Table 1, Symbols of Polymer Chemistry —— A Handy Reference Glossary of Chemical Terms 


Meaning 


Carbon atom. 


letter 


Normally needs four bonds either 0 


to adjacent carbons or to other atoms (hydrogen, \\ 


oxygen, nitrogen, phosphorous, etc.) 


Hydrogen atom (monovalent) 
Oxygen atom (divalent) 
Nitrogen atom (trivalent) 
Phosphorous atom 


Sulfur atom 


EG 


Meaning 


Acid Anhydride 


General purpose symbols meaning radical or group 


such as methyl, ethyl, etc. 


Often used to stand 


for the "rest of the molecule" so that attention 
can be focused on the reacting group. 


Hydroxyl group (alcohol) 


Carbonyl group 


Carboxyl or organic acid 


Primary amine 
Secondary amine 


Tertiary amine 
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Benzene ring. 


Usually written as shown at the 


right. 


Subfix n denotes that radical in bracket occurs 
a large number of times in repetition - thus 
leading to the term "polymer" from "monomer," 


Generalized epoxy group 


HC - CH - CHo- O- 


Glycidyl group type epoxy group 


4) 
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Figure 2, GLYCIDYL EPOXY RESINS: Diglycidyl Ethers, Aliphatic Based: (1) Diglycidy! Ether of Butanediol, (2) 
Diglycidyl Ether of Polychlorohydrin, (3) Diglycidyl Ether of a Polyether, (4) 1,3-bis [3(2,3-epoxypropoxy) propyl]- 
tetramethyl disiloxane. Diglycidyl Ethers, Aromatic Based: (5) Diglycidyl Ether of Bisphenol A, (6) Diglycidyl Ether 
of Tetrachlorobisphenol A, (7) Diglycidyl Ether of Resorcinol. Digylcidyl Esters, Aliphatic Chain: (8) Diglycidyl Ester 
of Linoleic Dimer Acid. Triglycidyl Ethers, Aliphatic Based: (9) Triglycidyl Ether of Glycerol. Triglycidyl Ethers, 
Aromatic Based: (10) Triglycidyl Ether of Tri-hydroxylphenyl Propane. Triglycidyl Mixed Ether and Amine, Aromatic 
Based: (11) Glycidyl Ether, Diglycidyl Amine of p-amino Phenol. Triglycidyl Mixed Ether and Ester: (12) Diglycidyl 
Ether, Glycidyl Ester of 4, 4-bis (4-Hydroxy Phenyl) Pentanoic Acid. Polyglycidyl Ethers, Aliphatic Based: (13) Poly- 
allyl Glycidyl Ether. Polyglycidyl Ethers. Aromatic Based: (14) Tetraglycidyl Ether of Tetraphenylene Ethane, (ay 
Epoxylated Novolacs (Based on Phenols and Substituted Phenols such as Cresylic Acid). Polyglycidyl Ethers, Cyclic 
Aliphatic Based: (16) Cyclic Silane Epoxy. 


haired and visionary, removed from 
mundane and pragmatic empiricisms 
of the final myriad uses of the prod- 
uct. On the other hand, the end user, 
such as electrical manufacturing com- 
pany A, is interested in building as 
many KW per year of electrical com- 
ponents—all potted or encapsulated 
in epoxy resin when the application 


warrants—at the lowest cost and with 
the least confusion to members of his 
electrical engineering staff who are 
fighting the competitive battle of mod- 
ern electrical and electronic hard- 
ware design. Under such conditions, 
he generally buys his steel, his mag- 
net wire, his paint and varnish, and 
his epoxy compounds from other 


firms. He capitalizes on the electrical 
design ability of his engineering staff 
and on his electrical equipment pro- 
duction know-how. He is seldom in- 
terested in retaining a staff of chem- 
ists to formulate his steel, his mag- 
net wire varnish, or his epoxy en- 
capsulating compound. Indeed, it 
usually is not economical for him to 
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do so because manpower and over- 
head costs for such a department 
would far outweigh the dollar value of 
the materials he was purchasing. It is 
more profitable for him to let the 
steel manufacturer, or the wire var- 
nish manufacturer, or the epoxy form- 
ulator take the research and develop- 
ment risk, and then to buy the best 
materials commercially available at a 
fair price. To formulate epoxy resins 
oneself; for example, to buy raw ma- 
terials, study their usage, run quality 
control, compound the ingredients 
and process them into a formula, con- 
duct quality control of the processed 
formula, and to maintain a staff of 
chemists to evaluate and study new 
raw materials, is grossly uneconomic 
until internal consumption exceeds a 
million pounds per year. Even then, 
with volume buying power as a good 
customer of a formulator, it may still 
be uneconomic to consider self-formu- 
lation. Indeed, self-formulation may 
realign an electrical company’s en- 
tire manufacturing role. The company 
may find themselves pouring more 
money into basic formulation research 
than they may wish so that their en- 
capsulated products with 
those encapsulated in the newest sys- 
tems developed by the highly competi- 
tive formulators. 


compete 


The Custom Formula 
And The Insulation Consultant 


It is common practice for most 
electrical concerns to assign an elec- 
trical engineer to the role of insulation 
consultant. This consultant is or be- 
comes a specialist in electrical insula- 
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tions. 

The design engineers refer to him 
for advice on all insulation problems. 
This consultant continually interviews 
insulation suppliers and epoxy resin 
formulators and keeps abreast of what 
types of new materials are available. 
Similarly, he relays to the technical 
staff of the formulator the specific de- 
sign problems which the epoxy formu- 
lation must handle in the case of new 
electrical designs so that a custom 
formula may be developed if a stand- 
ard one does not do the job. Such 
close cooperation and liaison is very 
effective and very economical in terms 
of development time and money. A 
typical case history of such coopera- 
tive development between the authors’ 
company and a large electrical manu- 
facturer will be presented in a sub- 
sequent article. However, at this time. 
it is desirable to review in detail some 
of the factors which the epoxy chem- 
ist must consider when selecting a 
resin, so that the insulation consultant 
and interested engineer are aware of 
the type of thinking and analysis 
which the epoxy chemist or formu- 
lator must perform when seeking to 
solve a resin system design problem, 
and will be aware of the strong points 
as well as the limitations of modern 
epoxy formulation technology. 


What is an Epoxy? 


“Just what is an epoxy?” is one of 
the most common questions interested 
electrical engineers ask. 

Chemically the term epoxy means a 
threc-membered ring containing one 


oxygen and two carbon atoms ar- 
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Figure 3, NON-GLYCIDYL EPOXY RESINS: Acyclic Aliphatic Based: (1) E 


S 


ranged as follows: 
) 
FEO 
—C 


An epoxy resin is a molecule which 


contains, on the average, more than |) 


one of these groups. 

The epoxy structure is uncommon 
in nature except as an intermediate. 
The angles required ‘to form such a 
small ring induce great strain on the 
interatomic chemical bonds, making 
the ring highly reactive. Nature pre- 
fers five- and six-membered rings. 
which, correspondingly. are more sta- 
ble. 

It is useful to examine the nomen- 
clature involving the epoxy ring be- 
fore treating epoxy resins, per se, 
directly. Because carbon atoms are 
generally tetrafunctional, the com- 
plete and proper generalized structure 
for an epoxy group should be shown. 


R= C =x C bed Ry 
! 1 
Ro Ry 
In this generalized epoxy group Rj. 
Rs, Rs, and Ry are hydrogen atoms 
or substitutions of organic radicals. 
If the four radicals are all hydrogens, 
we have 


sa 
H=C=C-H 
Joga 


ethyiene oxide, a highly reactive gas. 


If Ry is methyl (CH3—) we have 


Pr 
H=C=$C-CH3 
es be 
propylene oxide, another reactive gas. 
Examining the epoxy group fur- 
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poxidized Polyolefin, (2) Epoxidized 


Soybean Ou. Cyclic Aliphatic Based: (3) Limonene Dioxide, (4) Bis (2,3 epoxy cyclopentyl) ether, (5) Vinylcyclohex- 
ane Dioxide, (6) 3,4-Epoxy-6-Methylcyclohexyl Methyl-3,4-Epoxy-6-Methyl Cyclohexanecarboxylate, (7) Bis ( 3,4-epoxy 


6-methyl cyclohexylmethyl) Adipate, (8) Dicyclopentadiene Dioxide, (9) Bis Epoxy Dicyclopentyl Ether of Ethylene 
Glycol. ete 
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Figure 4, infrared absorption spectrum of an epoxy resin. Infrared is a useful tool in analyzing the structures of epoxy 
resins. The various atomic bonds within a molecule possess characteristic vibration frequencies. Measurement of these fre- 
quencies (or their wave length) permits identification of the bond composition of a molecule, and hence its structure. 
Also, the infrared technique provides amazingly accurate quality control. In addition, comparison of resin. structures 
and/or their infrared spectra permits an assessment of polarity (dipole moments) and polarizability, factors which are 
necessary for estimating Van der Waal’s forces, the short range intermolecular forces which are most important in de- 
termining mechanical strength vs temperature, solvent resistance, and compatibility of the resin with various curing 


agents and modifiers. 


ther, if R; is a methylene group (R— 
CH:—), containing some other as yet 
undefined substitution, and the other 
radicals are hydrogen, we have 


pr 
BODO C= 

es 

sel Fal 
which is defined as a substituted gly- 
cidyl group. Depending on the na- 
ture of the R, this molecule may be 
either a gas, a liquid, or a solid. Simi- 
larly its chemical reactivity will de- 
pend on the substituted radical. 

The addition of an oxygen beyond 
the glycidyl radical gives 

FN 
O-CH5-CH-CH, 

a glycidyl ether radical. The electro- 
negative nature of the oxygen exerts 
a strong effect upon the strained. 
three-membered ring. It produces a 
marked change in_ the solubility. 
chemical resistance and reactivity ol 
the epoxy group as will be discussed 
subsequently. 

Many commercial epoxy resins con- 
tain a plurality of these glycidyl ether 
groups, the simplest example of which 
would be diglycidyl ether, a basic di- 


epoxide: 


Q 0 
HoCbH-CHp-0-CHy HOH 
But this by no means exhausts the 
possibilities for an epoxy resin. Re- 
turing to examination of the substi- 
tutions on the epoxy ring, if both Ry 
and Ry are methylene groups 


aN 
A~ CH-CH-CH-CHy ~~. 

then the epoxy group is considered to 
be internal rather than terminal and 
is located along the “inside” of a 
chain rather than at its end. If in 
the generalized structure, Ry and R, 
happen to be connected through a 
bridge of other atoms 


then we have the epoxy-ring situated 
on another ring. 

On the basis of the preceding short 
descriptions, it may be concluded 
that numerous chemical structures, all 


containing epoxy groups, are possible. 
But just what constitutes an epoxy 
resin? 


Definition of Epoxy Resin 


An epoxy resin may be defined as 
any molecule containing more than 
one epoxy group. The groups may be 
elycidyl, terminal, internal, ring situ- 
ated, etc., or combinations of any of 
these, This definition is often modified 
in practice by adding the qualifica- 
tion . . . “and which is capable of 
curing or reacting to a hard, tough, 
durable solid.” This qualification is 
considered to stem from older conno- 
tations wherein the natural resinous 
products—shellac, amber, rosin, etc. 
— were mostly hard solids initially. 
To some extent this connotation is 
still useful in that some diepoxides, 
when cured, do not develop the good 
strength of others (due to steric hin- 
drances to cure, for example) and as 
such are more suitable as diluents 
for other epoxy resins. However, for 
the purpose of convenience, all di- 
or poly-epoxy molecules will be re- 
ferred to as epoxy resins in this arti- 
cle, since this is common practice in 


the field. 
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Commercial Epoxy Resins 

On the basis of the numerous gen- 
eralized structures drawn above, it 
may be assumed that there are num- 
erous types of diepoxides referred to 
generically as an epoxy resin. This is 
indeed the case. 

There are 25 different types of 
epoxy resins available today, com- 
mercially or experimentally, from 20 
hase chemical sources. These are pre- 
sented graphically in figures 2 and 3. 
Many of these resin types are also 
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Figures 5A and 5B, far infrared spectra of two epoxy resins. The 
tional spectrum of a molecule. Its rotati 


para-bisphenol or an ortho-bisphenol, 


Raman spectroscopy, which may be used to determine the polarizability of a molecule (and which 
the dipole data from infrared and rotational data from 
bond distances, masses, and mass displacements) is 
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16 


available as higher molecular weight 
homologs or higher molecular weight 
condensation derivatives of the base 
types (e.g., in figure 2, resin type 5, 
where n is greater than zero, a range 
of molecular weights of «resins are 
available). Thus, in all, about 75 
base epoxy resins are available with 
which the epoxy chemist can work. 

These many resins are but building 
blocks in the development of an epoxy 
resin compound. An epoxy resin com- 


pound—or formulation—involves one 


17 18 19 20 
WAVELENGTH (MICRONS) 
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difficult to run on epoxy resi 


or more epoxy resins, curing agents, 
and modifiers such as_ plasticizers, 
flexibilizers, accelerators, stabilizers,, 
flow, control agents, pigments, and se- 
lected fillers which modify various | 
properties further. 

At this point let us examine how an. 
epoxy chemist selects an epoxy resin 
for formula development work. 


Chemical Structure of Commercial 
And Developmental Epoxy Resins | 


Figures 2 and 3 present idealized or 1 
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Figure 6, infrared absorption spectrum of an epoxy resin having low dipole moment, as contrasted with resin shown in 
figure 4. A blending of these two resins would result in a varied range of dipole moment, polarizability, Van der Waal’s 
forces, and crosslinkage density. The effect on properties is shown in figure 7. 


theoretical structures of epoxy resins 
commercially available in the U. S. as 
well as a number of developmental 
resins. The structures are believed to 
be representative. They are based on 
disclosures in the trade literature and 
in the patent literature, as well as 
analysis by infrared spectroscopy in 
the authors’ laboratory. Because of 
patent and other proprietary consid- 
erations, only chemical names are 
disclosed ; 
_are not presented. 


commercial designations 


Chemical Constitution 
Of the Resin Chain 


Chemical constitution of the resin 
chain involves numerous concepts. 
Primary ones are heat stability, solu- 
bility, and chemical resistance. For 
example, carbon-carbon bonds in an 
aliphatic chain are not as_heat- 
stable as carbon-carbon bonds in an 
aromatic ring. Similarly, an aliphatic 
chain (resin 8 in figure 2) will swell 
or dissolve in aliphatic hydrocarbon 
solvents, whereas an aromatic group, 
(resin 7 in figure 2) will resist solva- 
tion by such solvents. Another exam- 
ple would be the possibility of limited 
heat stability of an aliphatic carbon- 
nitrogen bond (resin 11 in figure 2). 
And both of these bonds would be 
inferior to an ester linkage (resin 6 
in figure 3). However, conversely, the 


ester linkage would be the first at- 
tacked by an alkaline medium such as 
potash or caustic soda or ammonia 
vapors in a high humidity environ- 
ment. The requirements of heat sta- 
bility would have to be balanced 
against those of chemical resistance, 
in such a case. 

Another way of describing the im- 
portance of chemical composition, in 
the language of the physical chemist, 
is in terms of polarity and polariza- 
bility. These are outlined briefly in 
figures 4, 5, and 6. 


Type, Location, and 
Number of Epoxy Groups 


The type of epoxy groups in a resin 
(figures 2 and 3) is important inso- 
far as they determine what type of 
curing agent may be used with what 
resin. They also determine whether 
heat cure will be required, or whether 
sufficient exothermic energy will be 
given off by the reaction of the epoxy 
and curing agent to drive the cure to 
a satisfactory degree of completion. 
In general, very definite reactivities 
exist among the various different 
types of epoxy groups, some types 
preferring electrophilic curing agents, 
others nucleophilic curing agents. 
Electrophilic substances are those 
which react with the epoxy ring by 
attacking the oxygen atom and strain- 
ing its bonding to one of the carbons 


so as to break the bond open and to 
allow the atoms of the curing agent 
to establish new bonds with the atoms 
initially in the epoxy group. A nucleo- 
philic substance is one which prefers 
to attack the carbons in the epoxy 
group, rather than the oxygen. To do 
this, the curing agent must be able to 
get behind the carbons on the side of 
ihe epoxy group away from the oxy- 
gen. Obviously, then, the location and 
type of epoxy group is important. 
Terminal groups may most readily be 
attacked by both types since they are 
exposed. Ring situated groups may 
mosi easily be attacked by electro- 
philic curing agents, and are almost 
unreactive with nucleophilic reagents 
because the chemical ring on which 
the epoxy group is located prevents 
the curing agent from approaching 
the backside of the epoxy group. In 
addition, the presence of oxygen 
atoms or aromatic groups adjacent to 
the epoxy group can markedly influ- 
ence the reaction rate of a given type 
of epoxy group, so that all in all, the 
curing of epoxy resins is one of great 
complexity. 

The number of epoxy groups in 
a molecule may be referred to as the 
molecule’s epoxy functionality. A 
resin with many epoxy groups pro- 
vides more reactive sites than a simi- 
larly sized molecule with fewer epoxy 
groups does (resin 7 vs resin 11 in 
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Figure 7, effect of resin composition (synthesized by blending) on resist- 


ance to a non-polar solvent. High dipole moment in the chain as well as 
tight crosslinking result in high resistance to this type solvent. Such 
studies have produced compounds suitable for prolonged exposure to 
boiling (with reflux at 240°F), gasoline, and jet fuels. 


figure 2.). When cured, a resin with 
high functionality will have a higher 
crosslinked density. Crosslinked den- 
sity means the number of primary 
chemical bonds in a given volume of 
space occupied by the cured resin. 


Distance Between Epoxy Groups 


Thus, crosslinked density for a 
given sized molecular chain is a func- 
tion of the number of epoxy groups 
attached to it. However, between dif- 
ferent resin types, the chain distance 
between epoxy groups becomes an 
important factor. In the case of 
diglycidyl ether, the two epoxy groups 
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are separated by only three atoms. In 
the diglycidyl ether of bisphenol A, 
the epoxy groups are separated by 
seven atoms (the aromatic ring is 
counted as one unit only). In other 
resins, the epoxy groups may be sep- 
arated by as many as 30 or 40 atoms. 
Short spacings (3-10 atoms) mean 
rigidity or brittleness, medium spac- 
ings (10-30 


rigid properties, and long spacings 


atoms) mean semi- 
(30 atoms and over) mean flexibility 
or softness. Between resin types, these 
approximate spacings will shift be- 
cause of temperature effects. That is, 
materials with low dipole moment 


genreally have low Van der Waal’s: 
forces, and high coefficients of ther- 
mal expansion. Hence, at a given tem-| 
perature, less chain lengthening isi) 
needed for an aliphatic based resin) 
than for an aromatic based resin to 
produce a given softness or flexibility. 
If comparisons between resins are|] 
made at elevated temperatures, where} 
Van der Waal’s effects have been re- 
duced, then the effect of differencess 
among chain compositions are re-ip 
duced, and the flexibility «nd other} 
properties more closely follow the | 
above mentioned chain length and || 


crosslinkage distance concepts. 


| 
Presence of Other Reactive Groups | 

A number of epoxy resins also pos: 
sess reactive groups other than epoxy | 
groups. These groups include hy-- 
droxyl groups (resin 5 in figure 2)., 
olefin groups (resin 1 in figure 3), 
and vinyl groups (resin | in figure 3). . 
Since some curing agents are capable : 
of reacting with these other groups as | 
well as with the epoxy groups, the 
presence of these groups must be re- 
viewed in light of crosslinkage den- 
sity, and the possibility of detriment 
to the cured resin if these groups are 
not consumed. Maleic anhydride is 
an example of a curing agent capable 
of reacting with epoxy groups, hy- 
droxyl groups, olefin groups, and 
vinyl groups, if proper catalysts are 
present. Hence, cure mechanisms can 
become quite complex. However, if 
vinyl or olefin groups are left non- 
reacted, these groups are obvious 
sites for oxidation attack under even 
only mild thermal abuse. Since some 
resins also contain catalytic centers 
(resin 1] in figure 2), the problem is 
further complicated. 

Once the basic resin has been re- 
viewed, then the potential curing 
agents must be reviewed in regard to 
their functionality and their distance 
between reactive sites, and in regard 
to their chemical chain makeup and 
hence heat stability, solubility char- 
acteristics, polarity, etc. The problem 
of curing agent selection will be dis- 
cussed in the next article. 
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NOW! A DIELECTRIC 
RELIABLE TO 500° F. 


Duroid 5870 — glass micro fiber reinforced 
Teflon — is one of a series of reinforced Teflons 
developed by Rogers to withstand heat and 
pressures beyond the range of Teflon. This 
grade provides unusual stability up to 500° F 
without significantly affecting the electrical 
properties of Teflon. It is an excellent high- 
temperature dielectric for wet or dry conditions. 


TESTS BY CUSTOMERS... 


Researchers at several key companies in the 
missile-electronics field report Duroid 5870’s 
stability has, “opened all sorts of opportunities 
in strip line and printed circuit design and 
reliability.” 

Important to precision circuitry is the fact 
that Duroid 5870 is produced to extremely close 
thickness tolerances — the standard for 1/32” 
is + 7%, but it can be—and is—held to 
+ 3%. 


AS PRINTED BASE STOCK... 


Copper clad 5870 offers a printed circuit base 
with an average bond strength of 15 lbs., sur- 
face electricals immune to etching chemicals, 
and excellent surface and volume resistivity 
after water immersion. Teflon 100X is the 
bonding agent. 


RELIABILITY INDEX... 


Few processes are subject to as close control 
as beater addition, a method which Rogers has 
used more extensively than anyone else in the 
production of fiber-polymer materials. With 
this technique, glass micro fibers, suspended 
in water, are coated with Teflon. A sheet is 
then built up of extremely thin laminations on 
a cylinder-type paper machine. 

The result is a homogeneous blend of glass 
fiber and Teflon, in which each fiber is en- 
capsulated in resin. There are, consequently, 
no continuous filaments to wick moisture into 
the material and no “window” effect. 


SOME ASTM PROPERTIES... 


Unsup- 
ported 
TFE D5870 
Def under load (300 F), % 
1200 Psi 4 0.4 
2000 Psi 25 1.0 
Ther Exp Coef (73-140F), 
jogo 5.5 1.6, 5.0* 
Heat Distortion Temp, F 
66 Psi 250 500+ 
264 Psi — 500+ 
Dielec Const, 108 Cps 2.00 2.2 


*Longitudinal and transverse, respectively 
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SUMMARY OF ADVANTAGES 


Close tolerance thickness control ... excel- 
lent machineability, punchability ... uni- 
form electrical characteristics .. . excellent 
dimensional stability over wide temperature 
range... lower coefficient of expansion and 
reduced cold flow compared with Teflon... 
no “window” effect ... no wicking. 


Like to test Duroid 5870 for your high temperature, high 
frequency applications? Please write for data and sam- 
ples. Duroid 5870 typifies Rogers’ Fiberloys® — non- 


metallic ‘‘alloys’”’ 


made for use where conventional ma- 


terials do not meet the demands of modern technology. 


ROGERS CORPORATION 


ROGERS, C 


CONNECTICUT 
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Coils made by Deluxe Coil, Wabash, Indiana. Copper clad 
laminate made by Synthane Corporation, Oaks, Penna. 


THERE IS NOTHING BETTER THAN EPOXIES 


(Caine and equipment engineers in electrical and 
electronic fields are rapidly reaching the same con- 
clusion—that no other type of insulating material 
now available can provide as many desirable prop- 
erties as epoxy resins. Here is one high-quality 
dielectric material that most nearly approaches the 
ideal sought by designers and users alike. 

BAKELITE Brand epoxies have already been 
proved in many applications. In laminated backings 
for printed circuits, they combine with glass fiber 
to give high physical strength along with excep- 
tional resistance to heat, moisture, flame, and chem- 
icals. For encapsulating, the additional advantages 
of high impact strength, dimensional stability, and 
excellent dielectric properties have solved many 
technical problems. Furthermore, epoxies do not 
shrink during cure—they protect better! 

Newer developments—such as in nuclear energy 
and radiation, missiles and rockets, and under- 
water exploitation—are creating more demands for 
superior insulation with the unique combination of 
properties afforded only by epoxies. If you are 


stymied by an insulating problem still on your 
drawing board, let Union Carbide Plastics Company 
help you find the appropriate solution before it 
becomes a production handicap. Write Dept. 
GB-75, Union Carbide Plastics Company, Division 
of Union Carbide Corporation, 270 Park Avenue, 
New York 17, N. Y. In Canada: Union Carbide 
Canada Limited, Toronto 12. 


EPOXY RESIN INSULATION 
GIVES YOU SUPERIOR— 


HEAT RESISTANCE + MOISTURE RESISTANCE 
CHEMICAL RESISTANCE 
IMPACT RESISTANCE + FLAME RESISTANCE 


BAKELITE and UNION CaRBIDE 
are registered trade marks of 
Union Carbide Corporation. 
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Review of Papers Presented at October 
Conference on Electrical Insulation 


Test Methods and Measurements, Radiation, Electrical and 
Physical Properties, Gassing, and Filler Influences Are Covered 


As in past years, Insulation is again 
pleased to publish summaries of some of 
the important papers presented at the an- 
nual Conference on Electrical Insulation 
of the Division of Engineering and Indus- 
trial Research, National Academy of Sci- 
ences-National Research Council. This 
year, the meeting was held at the National 
Bureau of Standards, Washington, D.C., 
on October 17-19. About 200 members and 
guests attended. Four round-table discus- 
sions were held, and 27 technical papers 
were presented. 

New officers were elected. They are: S. I. 
Reynolds, General Electric Co., chairman; 
Philip Franklin, Diamond Ordnance Fuse 
Laboratory, vice chairman; and J. Sticher, 
Detroit Edison Co., secretary. 

It was decided to hold the 1961 confer- 
ence in Pocono Manor, Pa., on October 
23-25. Also, the 1962 conference dates were 
set for October 15-17, in Hershey, Pa. 

The summaries that follow are on such 
subjects as electric breakdown in n-hex- 
ane, radiation degradation of polyethylene 
terephthalates and polyvinyl halides, 
gamma radiation induced conductivity in 
solid insulation, theoretical limitations on 
the properties of dielectric liquids, Town- 
send ionization constants in n-alkanes, re- 
actions of active nitrogen with polyolefins, 
hygroexpansivity of cellulose papers, elec- 
trical properties of some solid organic 
esters, electrical surface failure in the 
presence of conducting liquid contaminant, 
and residual losses in a guard-ring microm- 
eter-electrode holder for solid-disk dielec- 
tric specimens. 

Also, influences of metallic fillers on the 
properties of epoxy plastics, novel resonant 
cavity techniques for evaluating artificial 
dielectrics, gassing properties of aromatic 
hydrocarbons, dielectric properties _ of 
glasses, a liquid displacement test method 
for determining the anisotropic dielectric 
properties of printed wiring boards, an 
ultra low frequency bridge for dielectric 
measurements, and the thermal degradation 
elevator effect. 

Unfortunately, the need for advance 
availability of papers makes it impossible 
to review all of the excellent and interest- 


ing papers that were presented. 
Electric Breakdown in n-Hexane 


By A. M. Sletten, Insulation and Chemicals 
Dept., Materials Laboratories, W esting- 
house Electric Corp. 

Electric breakdown and conduction in 
organic liquids has been the subject of 
reintensified investigation in recent years. 
But even in highly purified test liquids, 
such as n-hexane, the experimental evi- 
dence is still subject to continuous altera- 
tion and improvement. Failure to repro- 
duce earlier measurements of breakdown 
strength in n-hexane led to the discovery 
of the importance of dissolved air or rather 
oxygen in the test liquid. 

The discovery prompted this investiga- 
tion, which deals mostly with the effect of 
dissolved gases on the electric strength of 
n-hexane. 

The electric strength of n-hexane as 
measured with direct test voltage and a 
uniform field gap arrangement is found to 
increase from ~0.7 MV/cm in a thoroughly 
degassed liquid to ~1.3 MV/cm when the 
oxygen content of the test liquid is in- 
creased to about 100 mm Hg partial equi- 
librium pressure. Spherical stainless steel 
electrodes with 1 cm diameter and a gap 
length of 50” (2 mils) were used. 

Further increase in the amount of dis- 
solved oxygen does not further increase 
the measured electric strength. Tests indi- 
cate that the effect of dissolved air on the 
breakdown is due to the effect of oxygen 
alone. No effect on the electric breakdown 
was found when dissolving nitrogen alone 
in n-hexane. The electric strength remained 
at about 0.7 MV/cm as for a degassed 
liquid. 

The breakdown strength was found to be 
cathode dependent. An oxidized aluminum 
cathode gave consistently lower strengths 
than a stainless steel cathode. 

The test gap was kept under constant 
observation through a microscope giving 
approximately X120 linear magnification. 
With suitable illumination it was estimated 
that particles down to 14 diameter could be 


observed. Despite many efforts to improve 
purification, particles were always visible 
in the gap. In some cases a particle on the 
cathode surface was observed to cause con- 
duction currents several magnitudes higher 
than normal, but usually no correlation be- 
tween particles and breakdown strength 
could be found. 

With a gap length of 75u and high oxy- 
gen contents (340 mm Hg), however, the 
visible particles were sometimes observed 
to be ejected from the high field region of 
the test gap by the returning electric field 
following a breakdown. The electric field 
could in that case sometimes be increased 
to 2 MV/cm before breakdown occurred, 
but usually an occasional returning parti- 
cle would cause immediate breakdown 
below this value. The above phenomenon 
was also observed when using n-hexane 
with a high content of carbon dioxide at 
a gap length of 50u. 


Radiation Degradation of 
Polyethylene Terephthalates 
And Polyvinyl Halides 


By L. M. Epstein, Radiation and Nu- 
cleonics Laboratory, Westinghouse Electric 
Corp. 

“Videne” A is chemically very similar 
to “Mylar” polyester film but is intended 
for laminating and other processing appli- 
cations. To compare the radiation effects, 2 
mil samples of Videne A and 0.25 mil 
Mylar were irradiated simultaneously in 
air. The irradiations were carried out with 
2 MEV electrons from a Van de Graaf ac- 
celerator. Since radiation damage is evi- 
dent much sooner in the mechanical prop- 
erties than in the dielectric strength, 
tensile tests were performed. 

The results are—for Mylar—in very 
close agreement with previously published 
results which were obtained with nuclear 
reactor irradiation (fast neutrons and 
gamma rays). The rate of damage for Vi- 
dene A is clearly much greater. However, 
it is also clear from the non-irradiated 
properties that the two materials are physi- 
cally quite different. 
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It was of interest to determine whether 
the increased rate of physical degradation 
of the Videne was due to any inherent 
chemical weakness. This was done by de- 
termining the reduction in molecular 
weight upon irradiation, as estimated from 
the solution viscosity. The results reveal 
the following: a) although the original 
Mylar had twice the molecular weight of 
Videne A, it degraded very rapidly at first 
whereas Videne A stayed nearly constant; 
b) after the initial radiation dose mate- 
rials were closely similar in molecular 
weight and remained so, and c) air had 
a minor effect. 

Thus, as far as chemical changes are 
concerned the Videne A appears equally 
as radiation resistant as the Mylar. It is 
believed that Mylar’s retention of strength 
despite chemical damage is a consequence 
of its very high degree of molecular orien- 
tation. 

High quality  polyvinylfluoride film 
(“Teslar’) is analogous in chemical struc- 
ture to polyvinylchloride, with fluorine 
substituted for chlorine. Physically, poly- 
vinylfluoride (PVF) is superior in_ its 
ability to be drawn into thin strong films, 
and chemically it is said to be superior in 
its resistance to heat and ultraviolet light. 

Radiation effects on  polyvinylchloride 
(PVC) have been studied extensively. De- 
spite some controversy over the exact na- 
ture of the chemical changes which occur 
it is generally agreed that most formula- 
tions retain a good measure of their physi- 
cal properties up to about 10° rads, and 
hydrogen chloride is evolved in substan- 
tial amounts, constituting the most serious 
objection to the use of PVC in radiation 
fields. 


Superficial examination of irradiated 
PVF film indicated that it retained its 
physical properties at least as well as 
PVC. Anticipating that PVF would also 
yield acid, samples of the two materials 
were irradiated under identical conditions, 
and, the acid evolution measured. (The 
PVC used was commercial material puri- 
fied by reprecipitation, so as to be free of 
plasticizers and stabilizers. For PVF, Tes- 
lar film was used as received.) It was found 
that, despite the difference between the two 
runs (made under different conditions) , 
the acid evolution was almost identical for 
the two polymers. 


Not only is acid evolution detrimental 
per se, but it was suspected that the radia- 
tion-damaged polymers might have reduced 
heat stability as well. Accordingly, the 
irradiated samples from the second run 
were heated to 98.4°C, each in a small 
tube leading to a water trap, and the acid 
evolution measured from time to time. 
Along with the irradiated samples, several 
non-irradiated samples of each material 
were aged. None of these evolved any acid 
in over 30 days. 

In the case of PVC, the initial rate of 
thermal acid evolution is proportional to 
the radiation dose received, but this rate 
tapers off as the degradation proceeds (the 
maximum acid obtainable is 16 milli- 
equivalents/gram) . 

In the case of PVF, all the samples 
regardless of dose showed the same sud- 
den evolution of about 11 milli-equiva- 
lents/gram about the third day. (The 
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maximum PVF is 21.7.) It is believed that 
under the conditions of limited access of 
air, a free radical “unzipping” of HF takes 
place very rapidly. The fact that only about 
half, and not all, of the possible HF comes 
off can be explained by the presence of 
blocking groups and the randomness of the 
zip direction. This view of the degrada- 
tion mechanism was substantiated by the 
observation that several samples of highly 
irradiated PVF film aged in an oven at 
105°C. showed little visible change for over 
a week, but, as soon as they were sealed, 
became dramatically blackened and em- 
brittled overnight. 


Gamma Radiation Induced 
Conductivity in Glasses 


By Dr. V. E. Culler, W. H. Barney, and 
H. E. Rexford, Corning Glass Works. 

A study of the effects of gamma radia- 
tion on the electrical conductivity of 
glasses is of interest because of the practi- 
cal uses of these insulators and because 
the mechanism of induced conductivity is 
not expected to be affected by chemical 
degradation caused by the irradiation (as 
in the case of organic insulation) . 

The first glass tested was a 0.09” thick 
soda-lime-silicate (window) glass coated 
with air-drying silver paint. The room tem- 
perature resistivity of this glass was 10” 
ohm-cm. 

During irradiation (about 10° R/hr), a 
very slight change in the current value was 
noted. This change was in the negative 
direction; i.e., opposite to that of the bat- 
tery current. At approximately 25°C and 
using a battery voltage of 22.5 volts, the 
current without radiation was 3.5 x 10° 
amperes. During irradiation, the current 
became 3.1 x 10° amperes, representing 
an apparent increase in the log resistivity 
from 12.71 to 12.76, using an area/thick- 
ness ratio of 20.2. 

The effects of the irradiation on a boro- 
silicate glass (also silver coated) were in- 
vestigated to see if a similar effect would 
occur with a glass of higher resistivity. The 
battery current prior to irradiation was 
2.8 x 10°” amperes (22.5 volt battery) with 
a calculated log resistivity of 14.21. When 
the irradiation began, the direction of the 
current flow through the sample reversed, 
causing the electrometer to read negative. 
The current was —2.2 x 10 amperes with 
the 22.5 volt battery connected in the posi- 
tive sense—a value approximately that 
found for the soda-lime-silicate glass. At 
zero battery voltage, the current was 
—3.4 x 10 amperes. Other currents were 
observed at different battery voltages and 
polarities. 

The current values observed were plotted 
as a function of battery voltage and were 
found to lie on a straight line according 
to the equation I= I, + V/R, where I is 
the observed current through the electrom- 
eter, I, is the radiation induced current at 
zero battery voltage, V is the battery volt- 
age, and R is the resistance of the sample. 
The dose rate was approximately 10° R/hr, 
and the calculated log resistivity was 13.97. 

Three conclusions may be drawn from 
this study: 

1) That gamma radiation has a negligi- 
ble effect on the resistivity of the glasses 
measured. 


rent in the sample, the sample appearing) 
as a current generator in the circuit. 

3) That ordinary techniques may not bei 
used to measure the effects of gamma ra4f)- 
diation on the electrical conductivity of] 
insulating materials, even in a system 
evacuated to 1 micron of mercury. 


Theoretical Limitations on the 
Properties of Dielectric Liquids— 
Dielectric Constant and Electrical Loss} 


By Donald Tuomi, Thomas A. Edison Re- 
search Laboratory Div., McGraw-Edison 
Co. 
At power line frequencies the electrical | 
loss in a dielectric liquid is dominated 
by two mechanisms, namely: the intrinsic’ 
dipolar loss and the ionic conduction loss.) 
The practical problem is to define, in 44] 


broad sense, how the molecular parameters: 
of the system relate the dielectric constant 
to the electrical loss. 

The Cole-Cole equivalent circuit model |} 
for a dielectric liquid describes the rele-. 
tionship between dielectric constant and |} 
electrical loss in terms of: 1) the zero fre- 
quency or static dielectric constant, €o; 2) 
the infinite or optical frequency dielectric |) 
constant, €0; 3) the dipole relaxation time 
constant, to; and 4) the dipole relaxation | 
time distribution parameter, a. 

For the purpose of survey calculations | 
a value of 2.5 is postulated for eo. Assum- - 
ing that only one dipole relaxation process \| 
is involved, the relationship between the: 
relative dielectric constant and the loss 
tangent is calculated as a function of 7. 
and a. The results at 60 cps indicate that 
the loss tangent will be less than 0.1% for ‘| 
dielectric constants less than 100 if a <0.6 
and to <10° sec. Since normal liquids 
have relaxation times of 10° to 10™ sec- 
onds with a less than 0.3, the dipolar con- 
tribution to the electrical loss at power 
line frequencies will be negligible except 
for an extremely high viscosity or highly 
associated liquid. 

The dielectric constant and loss tangent 
relationship is expressed in terms of the 
dielectric resistivity at 60 cps. In order to 
obtain a loss less than 0.1% at a dielectric 
constant of 100 or 1% at 10, the liquid 
resistivity must exceed 3 X 10” ohm-cm. 
Granting that the dipolar loss is negligible, 
this loss must then be related to conduc- 
tion by dissolved ions in the liquid. 

For sufficiently dilute solutions the elec- 
trical conductance of a solution contain- 
ing one chemical equivalent of ions does 
not vary over a factor of 10 with changes 
in the nature of the ion. Thus, postulating 
a value for the limiting equivalent con- 
ductance of A*B’, the ionic concentrations 
associated with a given loss can be calcu- 
lated. For an ionic compound, A*B’, having 
a limiting equivalent conductance of 120 
ohm™ cm’, the ion concentration limit at 
a 3 X 10” ohm-cm resistivity is 2.8 X 
10° chemical equivalents per liter or 3.4 
x 10" ions per cm*. At 10% ohm-cm the 
ion concentration decreases to 1 X 10° 
ions per cm*® compared to 10° atoms per 
cm*. The ionic impurity limits in low elec- 
trical loss liquids fall below the limits 
frequently set for electronically active im- 
purities in semiconductor materials. 


The effective ion concentration depends 


NEW FLAME RETARDANT LAMINATED 
HEET GIVES FIRE THE COLD SHOULDER 


For fabricated parts and printed circuitry 


T-777 AVAILABLE FORMS 
Standard sheet size: Approx. 36” x 
42” (both non-clad and copper-clad). 
Thicknesses: 1/16”, 3/32”, 1/8” for 


non-clad; 1/16” for copper-clad (1 or 
2 oz.). Other sheet sizes, thicknesses, 
copper weights available on special 
order. 


Self-extinguishing T-777 meets all 
known flame-retardant specifications 


Richardson’s New INSUROK Grade T-777 is a Paper- 
base, phenolic laminate which meets NEMA Grade 
XXXP requirements...as a copper-clad or non-clad 
material. Along with exceptional flame-retardance, T-777 
has excellent electrical properties, good punching qual- 
ities (requires moderate heating), and high mechanical 
characteristics. Copper-clad material has high bond 
strength and blister-resistance. 


Grade T-777’s combination of properties and relatively 
modest price helps reduce production costs... assures 
uniform product parts that give trouble-free performance 
and long service life. 


New T-777 is most valued for use as radio, TV and com- 
puter component parts... plus many more electrical and 
electronic applications where flame-retardance is vitally 
important. 


Investigate the T-777 advantages for your specific prod- 
uct application. Richardson also offers you a complete 
plastics service from research and design to the manu- 
facturing and fabrication of finished part. Write or phone 
your nearest Richardson sales engineer (or contact us 
direct) ... for further information on T-777 and our 
complete line of laminated plastics. 


See this New Product at Booth 109, National Conference on Application 
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on the extent to which ion pair association 
reduces the free ion concentration. The 
Bjerrum theory of ion pair formation re- 
late the association constants for A*,B™ 
ions to the dielectric constant, the ion 
charge, and to the temperature as a func- 
tion of the molecular parameter “a” an 
internuclear distance for the ion pair. Thus, 
postulating reasonable values for “a” the 
total ionic concentration associated with a 
given free ion concentration can be calcu- 
lated as a function of the dielectric con- 
stant. 

In a practical sense the requirements 
for attaining a high dielectric constant with 
a low electrical loss at power line frequen- 
cies are a low absolute ionic concentration, 
less than parts per 10”, and a fluidity cor- 
responding to a normal liquid phase dis- 
tribution of relaxation times. 


Townsend lonization Constants 
In n-Alkanes 


By O. H. LeBlanc, Jr., and J. C. Devins, 
General Electrical Research Laboratory. 

We recently measured the first Townsend 
ionization coefficient, a, in a series of n- 
alkyl chloride gases, and found that the 
dependence of a upon molecular structure 
in these gases was similar to, but different 
in detail from, that indirectly inferred in 
the hydrocarbon gases by Devins and 
Crowe and Heylen and Lewis from spark- 
ing potential measurements. In order to 
determine whether these differences are 
real or are the result of errors in analysis 
of the sparking potential data, we have 
undertaken the direct measurement of the 
first Townsend ionization coefficients in the 
n-alkane gases containing from one to six 
carbon atoms. 

Crowe, Bragg, and Devins have, on theo- 
retical grounds, related the ionization co- 
efficient a to pressure p, field E, and to 
molecular structure through the relation- 
ships: B, 


a/p = A {(E/p) ma 


Beskger = 

A is a constant for a given gas, e; is the 
ionization potential, @ the Ramsauer cross 
section, and k, while not necessarily a con- 
stant for different gases, was found from 
sparking potential measurements to be so 
for the hydrocarbon gases. The pre-ex- 
ponential factor {(E/p) was assumed to be 
equal to E/p for the hydrocarbons, al- 
though the range of E/p covered with the 
sparking potential measurements was in- 
sufficient to distinguish between f = E/p 
and f = 1. Our measurements for the alkyl 
chlorides showed that the equation gave a 
much better fit of these data if f= 1. 

The gases were more than 99% pure. 
Pressures were varied from 0.5 to 20 mm 
Hg and electrode spacings from 0.2 to 3 
cm. 

We have plotted our experimentally de- 
termined ionization coefficients for the n- 
alkanes containing one to six carbon atoms. 
The abscissa was chosen to separate the 
individual curves; values of B were ob- 
tained from individual plots of log a/p 
against p/E. The curves all show linear 
regions over a variation in a/p of approxi- 
mately 50-fold, with some curvature below 
Bp/E = 1 and above Bp/E = 5. Such de- 
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viations are to be expected according to 
the theory. Were f= E/p, the logarithm 
of a/p should be a linear function of p/E. 
The pronounced curvature suggests that 
for the alkanes, as for the alkyl chlorides, 
the equation better describes the results if 
f is chosen to be unity. 

Values of B for the alkanes were re- 
calculated from sparking potential data 
assuming f = 1] in the equation. The values 
are from 10 to 25% lower than those ob- 
tained in the present work. 

An essential feature of the Townsend 
mechanism is the independence of the 
sparking potential on the level of cathode 
illumination, provided that adequate time 
is allowed for breakdown to occur. As 
Heylen and Lewis point out, however, for 
hydrocarbons, decreases in sparking po- 
tential of 10 to 20% are readily observable 
upon relatively moderate ultraviolet illumi- 
nation of the cathode. Although with low 
levels of illumination they observed the 
same values of B for the alkanes as did 
Devins and Crowe; their values for the 
alkenes were distinctly lower. 

Utilizing our measurements of a we can 
calculate from sparking potential measure- 
ments values for the second Townsend co- 
efficient, +, assuming the Townsend spark- 
ing criterion to be valid. For the relatively 
heavily illuminated gap, values of 7 in- 
crease approximately exponentially with 
decreasing E/p, and lie in the range of 
10° to 10°. With the lightly illuminated 
gaps of Heylen and Lewis and of Devins 
and Crowe, values of + are more nearly 
independent of E/p and much lower (10° 
to 10°). These results are consistent with 
the hypothesis of Heylen and Lewis which 
suggests that if 7 is very low for the hydro- 
carbons, appreciable space charge distor- 
tion of the field may occur below the Town- 
send threshold, even with moderate illumi- 
nation. 

Sparking potential measurements had 
indicated that the cross section @ was a 
colligative function of the number and 
types of atoms in a molecule if the contri- 
bution of the singly bonded carbon atoms 
is zero. We plot B/e:®”, obtained from our 
direct a measurements for the n-alkanes 
and n-alkyl chlorides, versus the number 
of hydrogen atoms. A 12% difference in 
slope suggests either a slightly different 
hydrogen atom contribution or different 
values of k for the n-alkane and n-alkyl 
chloride series. 

The constant A for the n-alkane gases 
appears to be proportional to the number 
of hydrogen atoms per molecule. An under- 
standing of the dependence of A upon 
molecular structure must await further theo- 
retical work. 


The Reactions of Active Nitrogen 
With Polyolefins 


By J. L. Weininger, Research Laboratory, 
General Electric Co. 

Active nitrogen is the product of an 
electric discharge in nitrogen. It is char- 
acterized by a prolonged yellow afterglow 
and strong chemical reactivity. 

Our interest in the behavior of insulating 
materials exposed to corona, together with 
that in surface reactions, led to the investi- 
gation of polyethylene. “Marlex’-50 was 
chosen as a polymer because it has a simple 


structure and well-defined properties. It | 
was exposed to active nitrogen at tempera- || 
tures from 39°C to 141°C. Two other || 
polyolefins—polyisopropylene and_polyiso-, 
butylene—were also investigated for a 
comparison of their behavior with that of |) 
polyethylene. 

The results of this study are: 

a) The quantitative determination ot cun- 
densable products of the reaction (approxi- | 
mately 80% hydrogen cyanide and 20% 
cyanogen). 

b) The observation of cross-linking of the 
polymer and a decrease in its vinyl con- 
centration. 

c) The estimation of activation energies 
of these processes. 

There is a parallelism between active 
nitrogen and mild radiation-induced re- | 
actions. Together with the above results | 
this makes it possible to postulate the fol- 
lowing mechanism for the reaction of active 
nitrogen with polyethylene. In the primary 
process a nitrogen atom attacks a carbon- 
carbon bond and forms one of three re- 
action complexes. 

This leads to splitting-off of either HCN | 
or CN and H atoms. One of the complexes 
may form new vinyl bonds (chain-unzip- 
ping); all three complexes may lead to 
chain-terminating free radicals, resulting 
from chain-scission. The evolved H atoms — 
will abstract other H atoms from intact 
chains to yield free radicals suitable for 
crosslinking. This may take place by cross- 
linking of neighboring polymer chains, or 
by end-linking. 

It is also postulated, subject to further 
experimental verification, that active ni- 
trogen, or atomic H liberated by it, can 
diffuse into the non-crystalline part of the 
polymer and can react below the surface. 
This is consistent with the observation of 
crosslinking in depth, and with the magni- 
tudes of the observed activation energies. 

There is a fairly abrupt increase in the 
reactivity of polyethylene (towards active 
nitrogen) at its crystal melting point 
(136°C for Marlex-50). Polypropylene is 
more reactive than the comparable linear 
polyethylene. Similarly to polyethylene, 
polypropylene crosslinks and produces rela- 
tively more nitrogen-containing products, in- 
cluding ammonia. Polyisobutylene does not 
crosslink but forms ammonia as one of the 
main products of the reaction with active 
nitrogen. 


The Hygroexpansivity of 
Cellulose Papers 


By Thomas D. Callinan, Joseph S. Crimi, 
Paul Schwartz, and Louis H. Wirtz, Inter- 
national Business Machines Corp. 
Cellulose papers expand and _ contract 
when the humidity of the atmosphere with 
which they are in equilibrium changes. 
This phenomenon—known as hygroexpan- 
sivity—plays a significant role in the man- 
ufacture of such electrical components as 
capacitors, cables, and transformers, since 
the units may suffer from shrinkage and 
consequent mechanical instability on being 
dried before impregnation. While many 
investigations have been made of the phe- 
nomenon, most of the work has been 
hampered and made useless by the failure 
of the researchers to establish repeatable 
data; It was the purpose of this work to 
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determine why the effect was not repro- 
ducible within close limits and, from the 
results, to understand the mechanism of 
hygroexpansivity. 

Papers made from kraft pulp, semi- 
bleached sulfate pulp, and bleached sul- 
fite pulp were studied. In establishing the 
hygroexpansivity coefficients of the papers, 
the samples were subjected to humidity 
cycles between 0 and 98% RH. 

Typical of the results obtained are those 
shown for a kraft paper in the figure. It 
can be seen that on being subjected to in- 
creasing humidity the paper expands until 
it equilibrates at 75% RH, after which it 
shrinks as the humidity is raised to 98% 
RH. On being dried the paper decreases in 
length permanently. Subjecting the sample 
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to more humidity cyclings results in even 
more permanent shrinkage. Four cycles 
were required before reproducibility was 
obtained. 

Studies on five commercial cellulose 
papers established that all were originally 
in various states of strain between 0.06 
and 0.1%. These strains developed in the 
papers during their manufacture. The 
strains were removed when the papers 
were subjected to high relative humidities 
(98%) for prolonged periods (48 hours) 
and dried slowly without tension. After 
de-straining, the papers possessed repro- 
ducible hygroexpansivity coefficients and 
showed little, if any, hysteresis. On the 
other hand, the magnitude of the hygro- 
expansivity coefficients was almost twice as 
great in a de-strained or relaxed paper as 
in a strained or unrelaxed one. 

By studying simultaneously the expan- 
sion which the paper underwent on being 
subjected to increasing humidity and the 
shrinkage it underwent while maintained 
at a high humidity for prolonged periods, 
it is possible to understand the nature of 
this graph. 

From this study it appears that the fail- 
ure of earlier investigators to establish 
duplicable results in their studies arose 
because they were using strained papers, 
the hygroexpansivities of which are de- 
pendent upon the dynamics of their manu- 
facture and their history. 


The Electrical Properties 
Of Some Solid Organic Esters 


By Ann M. Parks, International Business 
Machines Corp. 

In order to determine the effect of the 
length of the hydrocarbon portion and 
separation of the dipolés on the physical 
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and electrical properties of symmetrical 
diesters of dibasic acids, a series of these 
esters has been prepared in a highly puri- 
fied form. Three normal long-chained al- 
cohols (dodecyl, octadecyl, and docosy_), 
as well ethyl alcohol, were reacted in turn 
with a series of dibasic acids (sebacic, 
pimelic, adipic, and glutaric) to form 
diesters. 

With the exception of the ethyl esters, 
these esters are all white, waxy solids and 
the data show that a systematic increase 
in both melting points and refractive in- 
dices occurs with increasing molecular 
weight or length of the alcohol portion of 
the molecule within any one acid series. In 
each series there is less of a change in the 
physical properties when the alcohol por- 
tion is increased from 18 to 22 than when 
it is decreased to 12. 

It should be further noted that whereas 
the length of the alcohol portion greatly 
affects the physical properties, the separa- 
tion of the carbonyl groups has much less 
of an effect. Thus with any one alcohol 
the physical properties of the esters result- 
ing from reaction with a dibasic acid do 
not vary greatly, especially with the longer 
chained alcohols. 

The esters are all polar, crystalline ma- 
terials, and plots of dielectric constant as 
a function of temperature show a gradual 
rise as the temperature is increased to the 
melting point. A sharp rise occurs at this 
point, and is followed by a gradual de- 
crease in the liquid. The dielectric loss 
factors may or may not exhibit maxima at 
characteristic temperatures below the melt- 
ing points for each frequency. The pres- 
ence of these maxima is indicative of mo- 
lecular motion in the solid state and de- 
pends on the manner in which the esters 
crystallize. This behavior is predictable 
from consideration of the zig zag structure 
of the dibasic acids themselves, and dipole 
moment measurements in benzene solution 
allow the most probable structures to be 
determined. 

As has been seen in the physical prop- 
erties, a systematic change in the dielectric 
properties also occurs by changing the mo- 
lecular structure of these esters. The data 
presented may be extended to include other 
esters of a similar type. 


Electrical Surface Failure in the 
Presence of Conducting 
Liquid Contaminant 


By K. N. Mathes and E. J. McGowan, Gen- 
eral Engineering Laboratory, General Elec- 
tric Co. 

When electrical failure of the surface of 
an insulation occurs progressively in the 
presence of contamination, the resulting 
breakdown is called “tracking.” Many 
tracking tests have been devised but they 
have been limited by poor reproducibility, 
restricted scope, or inability to represent 
service conditions adequately. Test methods 
suitable for the best track-resistant ma- 
terials have required hundreds or even 
thousand of hours to reach a definitive end 
point. 

An inelined-plane, liquid contaminant 
tracking test has been developed in which 
the test variables can be precisely con- 
trolled and varied as necessary over a wide 
range. By the proper choice of the test 


parameters, a wide variety of service con- 
ditions apparently can be represented and | 
different types of tracking and scintillation | 
erosion can be produced. ‘| 

The principal factors controlling the | 
severity of the surface scintillation and _ 
hence the tendency to initiate tracking are: | 
1) Sample and electrode geometry. | 
2) Contaminant conductivity. 

3) Rate at which contaminant is applied 
to the surface. 

4) Voltage stress. 

5) Ability of the contaminant to “wet” the 
surface. 

Critical interrelationships exist. For ex-_ 
ample, with each given conductivity and — 
rate of contaminant application, scintilla- 
tion can occur over only a limited range of | 
voltage stress. 

The chemical nature of the contaminant 
appears to be of secondary importance in | 
initiating tracking but is of primary impor- | 
tance in determining the rate of erosion. | 
Unfortunately, previous tests generally have 
not emphasized the importance of erosion— | 
which may be as important a limitation in . 
some applications as tracking. The param- 
eters of the inclined-plane, liquid con- 
taminant test can be selected to empha- 
size failure by erosion. 

A 0.1% aqueous solution of ammonium 
chloride has been selected as the contami- 
nant for much of the experimental tracking 
program. By increasing the voltage in 
steps. a test end point called the “initial 
tracking voltage” can be obtained for var- 
ious materials. 

The values of initial tracking voltage 
provide, as does the IEC test, a compara- 
tive tracking index for materials with an 
extremely wide range of tracking resist- 
ance. Ultimately it may be theoretically 
possible to correlate such test values with 
service conditions if these conditions can 
be adequately defined. It is certain that 
field conditions leading to tracking are 
actually extremely complex and variable. 

Field observations have indicated that 
the critical conditions leading to the elec- 
trical scintillations responsible for track- 
ing and erosion seem to occur only for 
very short periods at more or less widely 
spaced intervals of time. Consequently, by 
continuously producing controlled scintilla- 
tion, it is possible to greatly accelerate 
tracking degradation with the inclined- 
plane test as compared to the relatively 
slow and erratic progress of tracking under 
field conditions. 


Residual Losses in a Guard-Ring 
Micrometer-Electrode Holder 
For Solid-Disk Dielectric Specimens 


By Arnold H. Scott and William P. Harris. 
National Bureau of Standards, U. S. De- 
partment of Commerce. 

Residual losses occurring in the specimen 
holder and in the bridge standard capacitor 
must be taken into account in order to 
make accurate bridge measurements of the 
dielectric losses of materials that have 
very low losses. Also, knowledge of the 
exact spacing of the electrodes is required 
for accurate determination of the dielec- 
tric constant of materials. To better meet 
these requirements, a new specimen holder 
has been designed and constructed (figure 
We 
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gages, the electrodes ‘of the holder can be 
adjusted to be parallel to about one micron, 
and the zero correction of the micrometer 
can be determined to +] micron. Using 
a modification of a technique used by Astin 
and others, the residual loss angles of the 
holder and its connecting leads and of the 
bridge standard capacitor were determined 
to +1 or 2 microradians. 

The residual losses in the holder and in 
the bridge standard variable air capacitor 
were investigated using the substitution 
method with a low-voltage Schering bridge. 
A series of measurements of the apparent 
loss angle of the specimen holder can be 
used to determine the true loss angles of 
the specimen holder and of the bridge 
standard capacitor. 

One of the main objectives of the pres- 
ent work was the determination of the 
losses arising from the presence of a sur- 
face film on the electrodes, such as an 
oxide layer, in order to correct for errors 
due to such losses in loss measurements 
made on dielectric materials. 

Losses in a capacitor can be represented 
at a single frequency as a resistance in 
series with the capacitance, and the loss 
angle, 5, is related to this resistance by 
tan 6 = D = oRC, where 
5 = loss angle of the capacitor 
D = dissipation factor of the capacitor 
C = capacitance of the capacitor 
R = equivalent series resistance of the 

capacitor. 
Of course for very small loss angles, such 
as those encountered here, tan § is almost 
exactly the same as 4, the loss angle. 

If the distribution of a lossy surface 
layer is assumed to be reasonably uniform, 
then the conductance per unit area would 
be constant. The bridge standard capacitor 
is constructed with electrodes of fixed spac- 
ing, and the capacitance is varied by chang- 
ing the active electrode area by moving 
interleaving plates. Therefore, this capac- 
itor has a component of loss angle that is 
constant as the capacitance is varied, for 
both the capacitance and the conductance 
due to a lossy surface film are proportional 
to the electrode area. Thus the product RC 
is constant, yielding a constant component 
of loss angle. 

The specimen holder, on the contrary, 
has electrodes of fixed area, and the capac- 
itance can be varied by changing the elec- 
trode separation. Since the equivalent series 
resistance due to the lossy surface layer 
can be assumed to be reasonably constant, 
the loss angle of the empty specimen 
holder will be proportional to the capac- 
itance. 

A series of measurements of the appar- 
ent loss angle of the empty specimen 
holder was made, varying the capacitance 
of the specimen holder by changing the 
separation of the electrodes. When the 
results of these loss measurements are 
plotted against the capacitance of the 
holder, a straight-line plot with negative 
intercept and positive slope is obtained. 
This arises from the fact that the apparent 
loss angle of the specimen holder is always 
the true loss angle of the holder minus the 
true loss angle of the bridge standard 
capacitor. The intercept is a measure of 
the losses in the bridge standard capacitor; 
the slope is a measure of the losses in the 
specimen holder. 
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Because the work on the measurement of 
loss angles of low-loss materials was to be 
performed under several conditions of am- 
bient relative humidity (RH), it was neces- 
sary to determine the residual losses of the 
specimen holder as a function of RH. Only 
the ambient RH of the holder was varied; 
the RH surrounding the bridge standard 
capacitor was maintained as low as was 
practicable by passing a stream of dried 
nitrogen through the enclosure containing 
it. Therefore, the loss angle of the bridge 
standard capacitor should remain relatively 
unchanged, even though the loss angle of 
the holder might change as the RH sur- 
rounding it was varied. 

Results of measurements made at 100 
cps, 1 ke, 10 ke, and 100 ke, with the 
holder in a very dry (RH less than 1.5%) 
atmosphere are plotted. Similar measure- 
ments made with the RH surrounding the 
holder at 52% are also plotted. 

Examination of these two plots reveals 
several points of interest. First, it is evi- 
dent that the intercepts, corresponding to 
the values of the dissipation factor of the 
bridge standard capacitor, are nearly the 
same for the two sets of measurements, 
as expected. Another striking fact is that 
the values of dissipation factor are all 
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Figure 1, schematic diagram of the guard- 
ring micrometer-electrode holder for solid- 
disk dielectric specimens. 


rather small. Therefore, the errors intro- 
duced by neglecting to take residual losses 
into account are very small, except for ma- 
terials with very small loss angles. Raising 
the RH of the atmosphere surrounding the 
specimen holder increases the loss angle 
observed. This effect is more pronounced at 
the lower frequencies studied, giving some 
indication that there is a dispersion region 
occurring at low frequency. Looking again 
at the intercepts, we see that the loss angle 
of the bridge standard capacitor is also 
greater at lower frequency. 

Now that the loss angle of the bridge 
standard capacitor has been evaluated, it 
is a simple matter to use this measured 
value as a correction to measurements of 
loss angle made with this capacitor; the 
value of the loss angle of the bridge stand- 
ard capacitor must always be added to the 
observed value. Correcting for the effect of 
the residua! losses in the specimen holder 
is not quite so simple. However, armed 
with the knowledge of the loss angle of 
the empty specimen holder, one can make 
what appear to be reasonable assumptions 


and determine a correction to apply, secur 
in the knowledge that the error is smal 
in any event. 
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Influences of Metallic Fillers 
On Properties of Epoxy Plastics 


By John Delmonte, Furane Plastics Inc. 
Wide toleration of metallic fillers is i 
dicated by liquid epoxy resins. Filler a 
ditions are usually motivated by considera: 
ations of enhanced physical and electrica 
qualities. The changes which occur are no¥ 
always predictable. 
The metallic fillers used most abundsant 
in the experiments were a finely dividee 
aluminum powder and fine aluminu 
needle-like particles about 4%” long ana 
randomly distributed during the mixing! 
operation. Other metallic particles wer 
also investigated. | 
Results reveal several informative trends 
Density: The percentage increase in den: 
sity parallels the percent volume occupiec! 
by the aluminum particles. It is probable 
that as the proportion of metallic filler: 
is increased and as the mixture become 
less pourable, the amount of entrapped ai 
will increase—yielding less significant ap/ 
parent density readings. 

Thermal Conductivity: The data on hea 
transfer demonstrate about a three-fold ia 
crease in thermal conductivity when thel 
volume of aluminum in the mixture is ap: 
proximately 30%. Unexpected was the be 
havior of the larger acicular form of alumi 
num, which in the proportions used, indi 
cates not as much improvement in therma: 
conductivity as for the finely divdec 
powder. 

Volume Resistivity: It is noteworthy 
that volume resistivity changes favored the 
larger size aluminum particles which dem: 
onstrated 10 times greater conductivity 
with 17.7% aluminum volume as compare 
with a minor improvement in conductivity 
with the smaller aluminum particles ati 
the same volume loading. 

Physical Properties: Within the propor- 
tions of aluminum filler and epoxy tested, 
compressive strength values and flexurali 
strength values showed little variation and 
no significant trend. However, most sig- 
nificant was the modulus of elasticity which! 
increased decidedly—particularly with th 
smaller aluminum particle additions. 

Dielectric Loss Factor and Dielectric 
Constant: Measured at 1 ke, the trends in 
loss factor were indecisive, though dielec-: 
tric constant depicted the decided increase 
expected on the addition of aluminum 
powder. The same observations were made‘ 
when D (dissipation factor) and K were 
evaluated at elevated temperatures as well 
as at lower temperature. 

Mixtures of various commercial metallic: 
fillers were made with liquid epoxy resin 
to a viscosity (Brookfield) of the order of 
2 to 3 X 10° centipoise at 75°F. Results: 
point to the surprising fact that with high) 
metallic filler concentration thermal con- 
ductivity is improved about five-fold when 
compounding and cure are performed at} 
atmospheric pressure. Under externally / 
applied pressure and metal filler and fibers 
distribution, thermal conductivity is re-- 
ported as substantially better. On the other: 
hand, volume resistivity is influenced by: 

Continued on page 108} 


BO 8 8, a ee, ee, = = - 


ee 
HIS ISA sare 
\FLAKE 


ATERIALS 


gcf GRADE: 
FiBE RGL As | FP-52 


M 
ELECTRICAL INSULATION 


R INSULATION COSTS 
TING PERFORMANCE i 


s inetlation iaketial you’re holding i in yout Viehd 3 is one » of the many application-engineered Ribergias* 
lake flexible —— Here’s why we wanted you to see it . 


~@ It costs lew than other insulation materials of comparable quality, yet, in many cases 
 Fibergias Flake Sheet composites are superior to the insulations they replace. 


e Fiberglas Flake Sheets are available in various combinations with coated or uncoated glass 
fabric and/or polyester film. These composites can be produced with “tailored characteristics” 
to give you the necessary balance of electrical and mechanical properties precisely 
suited to your application. 


@ The thermal aging properties of these materials are such that they can be successfully used 
in Class B and F insulation systems. 


: ® Because of the variety and adaptability of its properties, suggested uses include: transformer 
layer, barrier and coil insulation, and motor and generator slot liner, phase and coil insulation. 
: 

3 Z 


TYPICAL PROPERTIES OF 3 FIBERGLAS FLAKE COMPOSITES 


SEER 


_— «ELECTRICAL ; FP-52 FG-54 ___PFG-2 104 FOR ADDITIONAL 
ee Strength. INFORMA TION on these and 
(volts per mil—2” electrode) 1300 130 500 other Fiberglas Flake electrical 
Dielectric Constant insulation materials, write 
(100 cycles) 1.92 2.1 2.5 ‘ : 
(1 megacycle) 1.80 19 2.2 Owens-Corning Fiberglas 

issipation Factor Corporation, 717 Fifth Avenue, 
(100 cycles) 0.023 .0490 .0480 Dept. 215-L, New York 21, N.Y. 
(1 megacycle) 0.009 .0079 0102 

MECHANICAL 


Thickness (inches) .007 010 018 OWENS-CORNING 
Coverage (Sq. yds. per Ib.) 2.71 2.22 11 : x 
TEs FIBERGLAS 
(Lbs. per in. width) 43 155 230 4a 

Tear Strength 


550 
(Elmendorff-grams) 224 1280 *T.M. (Reg. U.S, Pat. Off.) O-C. F. Corp. 


i 
SSS 


Si at 


Belden Square and Visit Booth 28-29 at 
Rectangular Magnet Wire Insulation Show, 


Delivery... QU/CK 


Chicago, December 


QualiiV =a CONTROLLED 5-8. Discuss your 


Magnet Wire prob- 
lems with Bob 


Coverage... COMPLETE Wie 
neering Supervisor, 
To meet the many specialized requirements © Formvar —105C and’ Ray’ Reading? 
: ® Formvar, Glass Covered —130-155C Chief Magnet Wire 
of today’s transformers, large motors, elec- Se pctdihcrm® = PaO SEC rane ote 
tromagnets, and other electrical equipment, © Beldtherm, Glass Covered —130-155C 
‘ : one F ® Epoxy —130C 
Belden offers a widely diversified line of ae ike ee ors ean 
square and rectangular magnet wire... all © Glass or Dacron Glass, Silicone Bonded —180C 


manufactured to the highest standards of 


quality. Specify with confidence. 


*Belden Trademark Be hale in 


Reg. U.S. Pat. Off. WIREMAKER FOR: INDUSTRY 


SINCE 1902 
CHICAGO 


®@ Multiple Cotton Covered —105C 
® Paper and Cotton Combinations —105C 
®@ Multiple Paper Covered —105C 


one wire source for everything electrical and electronic 
lead wire @ power supply cords @ cord sets @ portable cordage @ electronic 


wire @ control cables @ automotive replacement wire and cable 


Insulation, December, 1960 107 


metallic fillers and their surface conditions 
much more significantly than thermal con- 
ductivity is influenced. Unexpected was the 
lack of correlation between changes in 
thermal conductivity and electrical con- 
ductivity. It may be presumed that the 
oxidized surfaces on the filler particles are 
a more serious deterrent to electrical con- 
ductivity than to thermal conductivity. 


Dielectric Properties of Glasses 


By Chikara Hirayama and Daniel Berg, 
Westinghouse Electric Corp. 

The d-c resistivity of inorganic glasses 
is characterized over a large temperature 
range by the equation (Rasch-Hinrichsen 
Law) : 

De ee 

where p is the resistivity, po a pre-expo- 
nential constant, E an activation energy, k 
is Boltzmann’s constant, and T the abso- 
lute temperature. 

This paper reported the electrical prop- 
erties of five glasses of varying sodium and 
potassium content as shown in table 1. 


Table 1—Glass Composition, in 
Weight Percent of Sodium 
and Potassium Oxide 


Glass Na:O 


Window 14.2 
Pyrex 3.8 
Vycor < 0.02 
G ae 
H as 


Table 2—Energy of Activation and 
Pre-Exponential Term for the 
Conductivity of the Glasses 


Glass E,kcal/mole log po 
Window 17.4 --(0.2 
Pyrex 20.6 — 0.45 
Vycor 24.4 —().5 
G 39.2 =3.5 
H 39.2 —3.8 


Typical results at 100 cps are shown in 
figure 1. In figure 2, the resistivity-tempera- 
ture relationship is shown for the glasses. 
The energies of activation, E, in kcal/mole, 
calculated from the curves in figure 2, are 
shown in table 2 along with the pre-ex- 


10.0 ; 
[ ye 


100 ton 8 


-20 ie} 40 60 120 : 60 256 240 
Temperature, °C 

Figure 1, dissipation factor at 100 cycles 

as a function of temperature: 1) window 

glass, 2) “Pyrex,” 3) “Vycor,” 4) glass H, 

5) glass G. 
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ponential factor log po. 

The effect of sodium on the electrical 
properties of the glasses is clearly indi- 
cated in the resistivities and dissipation 
factors shown in figures 1 and 2. The 
higher the sodium content, the higher 
the conductivity at any temperature. Also, 
the higher sodium content glasses have a 
lower activation energy, E. The rapid in- 
crease of the tan § with temperature occurs 


500 400350 300 250 200 150 100 
T ie Alea ee T T T aa T 


Log Resistivity 


a 18 24 24 27 3.0 33 3.6 33 4.2 
1/T x 10° 

Figure 2, resistivity-temperature relation- 

ship of 1) window glass, 2) “Pyrex,” 3) 

“Vycor,’ 4) glass H, and 5) glass G. 


at lower temperatures for the higher sod- 
ium content glasses. 

One interesting feature shown in figure 
2 is the decided deviation from the simple 
0 = poet/*? 
expression for some of the glasses at low 
temperatures. This type of behavior has 
been noted for crystalline ionic conductors 
and the deviation at low temperatures (ex- 
trinsic conductivity) has been attributed 
to the movement of vacancies in the lattice, 
conduction along grain boundaries, and 
frozen-in defects. Impurity and _ grain 
boundary conduction in glass is precluded 

on the basis of its liquid structure. 


The Gassing Properties 
Of Aromatic Hydrocarbons 


By Walter F. Olds and George Feick, 
Arthur D. Little, Inc.; and Edward D. Eich, 
Anaconda Wire and Cable Co. 

This paper reported some results ob- 
tained in the measurement of the gassing 
coeficients of a number of pure aromatic 
and alkyl aromatic hydrocarbons. A nega- 
tive value of the gas coefficient denotes 
absorption of gas by the oil. 

A table showed the gas coefficients, meas- 
ured at 85°C, of a number of aromatic and 
substituted aromatic hydrocarbons  ar- 
ranged in order of decreasing boiling point. 
It appears that as the vapor pressure in- 
creases to about 1 mm Hg, the gas co- 
eficients tend to reach optimum values 
of around —100 to —110. At higher values 
of vapor pressure, the gas coefficients de- 
crease to zero, probably because of decreas- 
ing hydrogen concentration and of the 
tendency of the aromatic vapor to quench 
the glow discharge. The same facts are 
shown graphically in figure 1, in which the 


oS ALKYL BENZENES (2\) 
@ ALKYL POLYPHENYLS (10) 
@ALK YL NAPTHALENES (6) 


8 
T 
oF 


é 


fl 
x 
3 
ee 
o 
’ 
° 
° 
9 


MEASURED GAS COEFFICIENT (ML/MIN 
it 1 
3 
= 
7 
+ 


° 4 1 n att —— 1 
001 o 4 1 
VAPOR PRESSURE (MM OF HG AT 65°C) 


Figure 1, measured gassing coefficients of | 


various aromatic hydrocarbons at 85°C. 


gas coefficient of each compound is plotted 
against the logarithm of its vapor pressure. 
There are two probable reasons for the 
scatter of the points in this figure—first, 
there is a wide variation in the percentage 
of aromatic carbon in these compounds 
and second, the various aromatic ring 
systems (benzene, naphthalene, diphenyl, 
etc.) may differ in their reactivity toward 
activated hydrogen. 

The effect of varying aromaticity may be 
compensated by defining a reduced gas co- 
efficient as the measured coefficient divided 
by the fraction of aromatic carbon in the 
hydrocarbon molecule. This in effect re- 
duces the gas coefficient to a 100% aro- 
matic basis by ignoring the aliphatic part 
of the molecule. This procedure is open to 
the objection that the aliphatic parts of 
the molecule may actually evolve gas in 
this test. More information on the behavior 
of aliphatic hydrocarbons is needed, how- 
ever, before this question can be dealt 
with satisfactorily. 

The reduced gassing coefficients for the 
test series of hydrocarbons are plotted 
against the logarithm of the vapor pressure 
in figure 2. This figure shows that not only 
has much of the scatter been eliminated 
but also that the points tend to fall on 
three separate curves according to chemical 
structure. The benzene derivatives give the 
highest values of reduced gas coefficient at 
a given vapor pressure, the naphthalene 
derivatives give lower values, and the poly- 
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Figure 2, reduced gassing coefficients of 
various aromatic hydrocarbons at 85°C. 


phenyl derivatives give the lowest values. 
The remaining scatter among the benzene 
derivatives may be due to variations in 
steric hindrance and other factors not ac- 
counted for in the above analysis. 

In general, we may expect that variations 
in gassing coefficient with temperature may 
be due both to changes in: reaction rate and 
to changes in hydrocarbon concentration 
in the vapor phase due to varying vapor 
pressure of the oil. Our data on the varia- 
tion of gassing coefficient with vapor pres- 
sure alone permit a separation of these 
two temperature effects. 

Figure 3 shows the variation of gassing 


INTER -CELL CONNECTOR FOR 

ELECTRICAL PRECIPITATOR DEVICE 
Problem: To produce a molding to operate at 
13,000 volts, withstand frequent wash-down 
and violent flashover, and maintain dielectric 
strength. ROSITE 3250 gives it high strength, 
smaller size and unique arc-quenching, non- 


MOTOR CONTACTOR HOUSING 


Problem: To reduce size and weight, provide 
excellent dielectric strength and raise interrup- 
tive capacity. Here ROSITE 3250 really does the 
job. It assists in redesign of all sizes of motorcon- 
tactors by offering thinner, finer sections which 
provide non-tracking, arc-quenching chambers. 


tracking properties, to make this molding out- 
standingly adapted to this particular need. 


OS ITE 3250 NON TRACKING 


ELECTRICAL MOLDINGS 


Here are four electrical moldings made from 
ROSITE 3250. They illustrate how ROSITE 3250 
and Rostone engineering can solve difficult 
design problems. We invite your inquiry on 
any specific problem. 


ROSTONE CORPORATION 
2409 South Concord Road, Lafayette, Indiana 
Telephone: SHerwood 2-8471 
In Canada: Electro Porcelain Ltd., Waterloo, Ontario 


Shows you how to 


REDUCE SIZE... WEIGHT... COST 
INCREASE STRENGTH 
IMPROVE ELECTRICAL PROPERTIES 


DUAL VOLTAGE 
TRANSFORMER SWITCH 


Problem: To replace a complex assembly of 
stampings with a single part with multiple in- 
serts, for a 15,000 volt transformer. It must 


SAFETY SWITCH CROSS BAR 


Problem: To provide high impact strength and 
operate very close to heavy arcing without track- 
ing, charring or carbonizing. ROSITE 3250 
proved the ideal material for this design. Cored ( trar it 
design, and molded-inserts gave substantial withstand long immersion in hot oil without 
benefits to the manufacturer of this electrical contaminating it and give high impulse voltage 
device. protection. This ROSITE 3250 molding with in- 
serts fulfilled all these requirements and sub- 
stantially lowered costs. 
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BRAND-REX | 


coefhcient for tertiary butyl benzene as its 
vapor pressure is varied from about 0.002 
mm Hg to 110 mm Hg by changing the 
test temperature from —50° to +115°C. 
Comparison of figure 3 with figure 1 shows 
a striking similarity of form. Not only does 
the gassing coefficient in the two curves 
approach zero at about the same values of 
vapor pressure, but the maximum occurs 
near a pressure of 1 mm H¢g in both cases. 
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Figure 3, gassing coefficients of tertiary 
butyl benzene. 


It appears that the main effect of tempera- 
ture on the gassing coefficients of aromatic 
hydrocarbons is due to change of vapor 
pressure rather than to variation of reac- 
tion rate. This leads to the conclusion that 
the activation energy for the hydrogenation 
reaction is derived almost entirely from the 
electric field rather than from thermal 
sources. 


Some Novel Resonant Cavity 
Techniques for the Evaluation 
Of Artificial Dielectrics 


By D. Edelson, W. A. Yager, and W. 


McMahon, Bell Telephone Laboratories, 
Inc. 
Techniques have been devised using 


partially filled TE-101 rectangular cavities 
for the measurement of electrical properties 
of metal-loaded polystyrene foam dielec- 
trics. By combining measurements made 
with the sample in various positions in the 
‘cavities, the dielectric constant and its uni- 
formity and isotropy, as well as the electric 
and magnetic dissipation factor, are ob- 
tained. Cavities for laboratory investigation 
and for production testing are described. 


A Liquid Displacement Test Method 
For Determining the Anisotropic 
Dielectric Properties of Printed 
Wiring Boards 


By Kenneth G. Coutlee, Bell Telephone 
Laboratories, Inc. 

The increasing use of printed wiring 
circuits at very high and microwave fre- 
quencies has created a growing need for 
insulating materials having isotropic di- 
electric constant and dissipation factor in 
both the parallel and perpendicular direc- 
tion. It is also important that these prop- 
erties be relatively unaffected by absorbed 
moisture. 

A test method has been developed using 
a small high frequency liquid displacement 
test cell employing a stack of 4” x We" x 
11%” test specimens immersed in a suitable 
liquid dielectric between the electrodes of 
the cell with the specimens oriented in 
either the perpendicular or parallel direc- 
tion. 


Tests made on experimental and com- 
mercially available sheet insulating mate- 
rial show wide differences in the K and 
DF in the two directions after drying 24 
hours at 50°C and particularly after im- 
mersion in water for 24 hours, over a fre- 


ee 
i 


quency range of 1 kc to 61 mc. The glass- 
filled laminates exhibit the greatest aniso- 


tropy. with mineral-filled polyethylene 
somewhat less and with practically no 
directional differences for high density 


polyethylene, “Teflon,” and polypropylene. 


An Ultra Low Frequency Bridge 
For Dielectric Measurements 


By Donald J. Scheiber, National Bureau 
of Standards. 

In 1955 I. R. Weingarten presented a 
paper in which he described a_ bridge 
capable of measuring dielectric properties 
down to the very low frequency of 0.01 


cps. The present paper summarizes the — 


effort made in the Dielectrics Section of 
the National Bureau of Standards to im- 
prove and test this apparatus to the point 
that it can be used to make precise meas- 
urements of dielectric properties at these 
low frequencies. The present bridge oper- 
ates at frequencies between 0.01 and 200 
cps, measuring capacitances up to 100 pf 
and conductances between 10° to 10° 
mhos. It is possible to expand these meas- 
urable ranges. 
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Figure 1, resistance of six resistors as a 
function of frequency. 


Thirty substitution measurements on a 
5.004 pf fixed reference standard capacitor 
averaged to 5.0055 pf with a standard devi- 
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ation of 0.0013 pf. These measurements 
were made at frequencies between 200 and 
0.1 cps, while the capacitor was in parallel 
with resistors ranging in value between 
10° to 10“ ohms. 

Resistors were measured in a chamber 
through which a flow of dry N. was main- 


tained. The commercial resistors meas- 
ured consisted of a resistive element 
Si ah en atiae : 
Se ee -- D-C VALUE 
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Figure 2, frequency dependence for a 
nominal 10” ohm resistor. 


sealed inside a glass envelope. The low 
frequency values and the independently 
determined d-c values agreed to within 
one percent for all except the 10% ohm 
resistor. At high frequencies there is in 
general drastic departure from the d-c 
value for nearly all the resistors. This 
result was corroborated by measurements 
using a Schering bridge near 100 eps. It 
must be concluded therefore that these 
resistors are frequency dependent. 

This frequency dependence is under- 
standable in light of the theoretical work 
of Howe. He considered a_ cylindrical 


figure 2, agree quite acceptably with the 


composition resistor and associated with it 
a certain capacitance per unit length. He 
showed that the parallel resistance and 
capacitance drop sharply from their d-c 
values when the frequency is increased 
above a certain value. From his work, it 
can be inferred that when the product of 
the frequency and of the d-c resistance is 
near 10” cps ohms, these resistors should 
begin to exhibit a frequency dependence. 
Referring to figure 1 it can be seen that 
these predictions are roughly verified. 
The nominal 10% ohm resistor was fur- 
ther investigated using d-c techniques. Its 
resistance was determined as a function 
of the time, t, after applying 20 volts d-c 
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Figure 3, dielectric constant, ¢’, and loss 


index, e”, of a specimen of PMMA at 
ABC: 


across it. A frequency was associated 
with the time, t, according to an approxi- 
mate equation due to Hamon: 

f=0.1/t. 
The results of this experiment, shown in 


low frequency a-c measurements. 


These measurements of “known” con- 


ductances adequately demonstrate the abil- | 


ity of the bridge to accurately measure con- 


duetances between 10° and 10~* mhos at ! 


very low frequencies. 


The bridge’s accuracy at high frequen- | 
cies is demonstrable by measuring the di- | 
electric properties of a specimen and com- || 


paring the results with those obtained 
using a conventional Schering bridge. 

One of the materials measured was poly- 
methylmethacrylate (PMMA). The results 
are shown in figure 3. The agreement be- 
tween the two instruments is indicated by 
the smooth curves obtained. 

Fused silica, which has a low loss index, 
was also measured. The results are shown 
in figure 4. There is a visible discontinuity 


in the e’ data, but the error is only 0.5%. ||) 
The e” data from the low frequency bridge / 
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Figure 4, dielectric constant, e', and loss 
index, e”, of a specimen of fused silica 
at 24.2°C, 


more efficient. 


with no metallic particles. 
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HAVE YOU TRIED 
THIS INSULATION ? 


West Virginia's Pressite is the heavy-duty pressboard 
insulation that makes every transformer and capacitor 


Pressite is made of 100% virgin kraft pulp from our 
own mill. Our complete product control from forest to 
mill assures consistent uniformity and absolute purity, 


For Punchings...Electrite or Densite. |f your proj- 
ect requires a hard board sized to resist moisture, 
specify Electrite. Even harder is Densite, sized for 
moisture or unsized for applications in oil. 


See How Our Pressboard Can Help You: 

For complete technical data on all three grades, plus 
Underwriters’ Laboratories Report #E3987, write Board 
Products Sales, West Virginia Pulp and Paper Com- 
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The exclusive new HUD-PAK is the most important 
money-saving development in wire packaging in 20 
years. With many conductor and AWG sizes, users 
report record payoff speeds in excess of 5000 feet a 
minute. HUD-PAK reduces waste from short spools. 
Its tapered barrel spool—and absence of inertia found 
with rotating spools—permit instantaneous starts and 
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HUD-PAK 50 


MATERIAL 


Announcing the NEW 


HIGH SPEED WIRE 
PAYOFF PACKAGE 


Are You Looking For High Quality Bare Or Coated 
Wire In The Most Modern Up-To-Date Package? 


High Speed Payoffs. 

Controlled Tensions For Single 

And Multiple End Winding Operations. 
Large Payoff Packages. 

A Rugged Container To Protect Wire 
In Use Or Storage. 

Instantaneous Starts And Stops. 

All At Regular Wire Prices. 


stops with no danger of wire shakedown and tangle. 

We are currently supplying HUD-PAKS containing 
bare copper wire, tin plated, silver plated, and alumi- 
num wire. Other types are being developed. Optimum 
results can be obtained within the size range of 
AWG 38 to AWG 24. 


The term ‘‘HUD-PAK” is a trade-mark of Hudson Wire Company 
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CAPACITIES 


Approx. Weight (Ibs.) 


COPPER 
CADMIUM COPPER 


ALUMINUM 

BRASS 70/30 
PHOSPHOR BRONZE 
NICKEL SILVER 
STEEL 


COMPAN DW 
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form a smooth curve which, near 100 cps, 
easily joins with the somewhat scattered 
Schering bridge data. 


Studies on the Thermal 
Degradation Elevator Effec} 


by Roy R. Divis, Amphenol-Borg Elec- 
tronics Corp. 

In a previous paper it was reported that 
a sudden increase in the rate of weight 
loss of polychlorotrifluoroethylene (CTFE) 
was observed after heating had been con- 
ducted for a period of time. As shown in 
figure 1, the phenomenon was observed to 
occur between 840 and 1000 hours of heat- 
ing at 235°C. A corresponding increase in 
the rate of molecular weight degradation 
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Figure 1, weight loss vs. time at 235°C for 
polychlorotrifluoroethylene (CTFE). 


was also apparent. Figure 2 illustrates the 
effect when zero-strength-time, known as 
the ZST test, is used as a measure of 
molecular weight. The same effect, as 
shown in figure 3, is observed if flow index 
is used to determine average molecular 
weight. In all cases, the commonly observed 
relationship of weight loss or molecular 
weight with time is interrupted by a sud- 
den rate surge. The designation of “eleva- 
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Figure 2, zero-strength-time (ZST) time 
at 235°C for polychlorotrifluoroethylene. 


tor effect” is used when referring to this 
phenomenon. 

Experiments at a given temperature 
which studied the thermal weight loss of 
a number of polymeric materials did not 
demonstrate the elevator effect in these 
polymers with the exception of polyeth- 
ylene and nylon. Of course, the elevator 
effect might be observed if other tempera- 
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Figure 3, flow index vs. time at 235°C for 
polychlorotrifluoroethylene. 


tures were used. Further study of the ele- 
vator effect exhibited by CTFE indicated 
that, in general, only polymers prepared 
using a radiation initiation process con- 
sistently showed the elevator effect. A 
number of stabilizing agents for CTFE 
were also investigated. The most effective 
agent was chlorine gas. The chlorine treat- 
ment not only prevented thermal discolora- 
tion and decreased molecular weight deg- 
radation, but also eliminated the elevator 
effect. This work suggests that trapped 
free radicals may be responsible for the 
elevator effect. 
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THERMAL HUDSON 


PLAIN 
ENAMEL 


PROPERTIES 


PHYSICAL 


Good Adherance 
& Flexibility 


Natural Oleo- 
Resinous 


Solderable 


CHEMICAL 


Not affected by 
Petroleum Or 
Naptha Thinners 


TYPICAL APPLICATIONS 


Relays, Coils, Transformers. 


Used in applications where prior 
stripping not practical. 


Excellent Sol- 


Nylon Polamide- n 
vent Resistance 
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Resins E 


Windability 


Solderable 
Polyurethane Good 


20-56 
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Polyvinyl : 
17-56 Toughness, 
Polyester Comparable 


to Formvar 
Silicone 


Good Windability 
Ample Flexibility 


Resins 
I LATION: Celanese, nylon, silk, cotton, fiber glass, served over 
ete bare wire ee film insulations. AWG Range 14-44. 


EZSOL 1 22-44 
Excellent 
Moisture 

Resistance 


05 
Fine Wire Applications in Electronics 
05 & Communications. 


Good Moisture 


& Solvent Resist. Motors, Coils. 


Satisfactory 
Solvent Resist. 


Adequate 
Moisture & 
Solvent Resist. 


Class B & F Applications. 


Military & Electronic Applications with 


SILICLAD 155-1 26-56 Critical Thermal Requirements. 


Magnetos, Motor Armatures, Coils. 


LITZ WIRE: Available in all combinations of fabric and film-equivalent. AWG Range 12 and finer. High Frequency Applications. 


HUDSON WIRE COMPANY 
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50,000 Volt DC HV Test Set 


®@ Small size, light weight 
© Rugged & reliable 
® Low cost 


Model S50-5DC is designed for dielectric 
testing, for leakage current measurements 
at high-voltage, and also used as a high 
voltage power supply for CRT work, 
electrostatic processes, sparking, corona 
generation, etc. 

The oil-filled tank, less than 1 cu. ft. in 
volume, contains all HV components, 
metering facilities and automatic output 
shorting solenoid. 

Selenium rectifiers are employed for 
ruggedness, long life and enhanced reli- 
ability. HV terminates in a shielded cable. 

A fully instrumented control panel in 
cabinet or for rack mounting, not shown, 
provides all safety and convenience fea- 
tures. 

The HV section pictured also available 
by itself without the control cabinet for 
use aS a power unit. 

Many other models available. 


Telephone or write. 


Peschel Electronics, Inc. 
Phone TRinity 8-3251 


Towners Patterson, N.Y. 
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HIGH VOLTAGE 
METALIZED 
CERAMIC TERMINALS 


bm 1-400 Series terminals permit you to make elec- 
trical connections at high voltages. 


p 1-400 Series terminals allow you to maintain a 
true hermetic seal through a positive ceramic-to- 
metal solder seal. 


Pm 1-400 Series terminals meet JAN 1-8 and 1-10 
specifications. 


pm 1-400 Series terminals are available in a wide 
range of stock sizes with quick delivery. 


Pm In addition to standard terminals you can also 
obtain your most exacting requirements for special 
metalized ceramics from Metalizing Industries. 


ASK FOR BULLETIN M-102 Dept. IM-12 


SHMETALIZING INDUSTRIES, INC. 
338 Hudson St., Hackensack, N. J. © HUbbard 9-4650 


AS TS RE i ESE EO IM TE LE ET IS 
Print Ins. 57 on Reader Service Card 


116 Insulation, December, 1960 


Association News 


Staff Changes in ASTM me 


Several changes were recently made 
in the staff of the American Society 
for Testing Materials. Thomas A. 
Marshall Jr. was elected executive 
secretary. He previously was senior 
assistant secretary of the American 
Society of Mechanical Engineers. 
Fred F. Van Atta, formerly assistant 
secretary of ASTM, was elected treas- 
urer. 

Robert J. Painter, formerly execu- 
tive secretary and treasurer, will con- 
tinue as consultant to the executive 
secretary. He will be especially con- 
cerned with the Society’s long-range 
planning program. Raymond E. Hess 
will continue as associate executive 
secretary. As technical secretary and 
editor-in-chief, Hess is responsible for 
the technical activities and publica- 
tions of the Society. 


Dayton Elected Head of 
American Vacuum Society 


Benjamin B. Dayton, Consolidated 
Vacuum Corp., a subsidiary of Bell 
& Howell/CEC, has been elected 
president of the American Vacuum 
Society. He succeeds Wilfred G. Math- 
eson, Sylvania Electric Products, Inc. 

Other officers elected at the Socie- 
ty’s national convention in Cleveland 
were C. Robert Meissner, Georgia 
Institute of Technology, president- 
elect; George W. Carr, Vacuum Spe- 
cialties Co. Inc., treasurer; and Har- 
old C. Weingartner, Arthur D. Little 


Inc., secretary-clerk. 


NISA Protests Monopolistic 
Trend in Electric Repair Industry 


A protest against the encroach- 
ment of the General Electric and 
Westinghouse companies into markets 
now being served by independent elec- 
trical apparatus service companies 
was lodged by officers of 35 regional, 
state, and local trade associations at- 
tending the Third Annual Chapter 
Officers Conference of the National 
Industrial Service Association Inc.., 
at Hotel Coronado, October 15. 


According to a resolution unani- 


mously passed by the conference, both 
manufacturers had advised the U.S. 
Department of Justice in 1949 that 
there was “no inclination . . . to con- 
duct an expansive program in the 
motor repair field.” The companies 
lived up to these commitments for 
about seven years, but have since 
“flagrantly disregarded” them by es- 
tablishing additional service shops in 
many major trade areas throughout 
the country, the resolution stated. The 
resolution called upon the Department 
of Justice to compel the companies to 
live up to their commitments and 
called on members of NISA to enlist 
the support of their Congressional 
Representatives and Senators. 


Reynolds Is New SPE President 


Frank W. Reynolds, IBM Corp.. 
has been elected president of the So- 
ciety of Plastics Engineers. Other 
1961 officers elected at a recent meet- 
ing in New York City include: James 
R. Lampman, General Electric Co., 
vice-president, engineering; John 
Delmonte, Furane Plastics Co., vice- 
president, administration; Maurice F. 
Malone, Canadian Resins & Chemi- 
cals Co., secretary; and John Beru- 
tich, Havee Industries, treasurer. All 
will take office on January 25, 1961, 
at the Society’s Annual Technical 
Conference in Washington, D. C. The 
titles of vice-president, engineering 
and vice-president, administration 
(currently first vice-president and 
second vice-president, respectively ) 
are contingent upon final action in 
January on a new organization plan 
for the Society. 


Higbee Retained by NEMA to Study 
Insulated Wire Import Problems 


Clarence W. Higbee, who recently 
retired as assistant general manager. 
Electrical Conductor Division, Kaiser 
Aluminum and Chemical Sales Inc.. 
has been retained as a consultant by 
the National Electrical Manufacturers 
Association to study import problems 
affecting the insulated wire and cable 
industry. 


COATED GLASS CLOTH 


$ 


“VARTEX” TP1052 is glass cloth 
impregnated with a high heat 
resistant varnish which produces 
an excellent flexible insulation 
for operation in the Class F range 
of temperatures. The glass cloth 
imparts good mechanical proper- 
ties while the varnish possesses 
high dielectric strength. 


“VARTEX” TP1052 can be sup- 
plied on any base or thickness that 
fits your application. 


° Inquiries are solicited. | 
¢ Agents in principal cities. 


TYPICAL TEST DATA 


MIGKINES S wcrc ces. O07 2 = 0017 
BREAKING STRENGTH....110 LBS/INCH 
WIRES QEN Dio stssocerecteees oat 
VOLTS PER MIL 
AS..RECEIVED:. <0. :3ccs.ssect.s His LOOO 
RETENTION AFTER 4000 HRS. 
@_ 180°C, ¥%” BENT MAND. ...103% 


NEW JERSEY WOOD FINISHING COMPANY 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION ¢ WOODBRIDGE, N. J. 


VARNISHED CAMBRIC CLOTH AND TAPES e¢ VARNISHED “'FIBERGLAS"} CLOTH AND TAPES ¢ VARNISHED SILK AND SILK SUB- 
STITUTE ¢ SYNTHETIC RESINOUS TAPES AND EXTRUDED TUBING e¢ POLYETHYLENE, SHEETS, TAPES AND EXTRUDED TUBING 
© CABLE WRAPPING TAPES © “VARSIL” SILICONE VARNISHED “'FIBERGLAS”} CLOTH AND TAPES © "VARSLOT’ COMBINATION SLOT 
INSULATION: -RAG PAPER AND VARTEX VARNISHED CAMBRIC ¢ FISH PAPER AND VARTEX VARNISHED CAMBRIC © RAG PAPER AND 
UMYLAR"* POLYESTER FILM e ASBESTOS PAPER AND “MYLAR’* POLYESTER FILM @ KRAFT PAPER AND "MYLAR’* POLYESTER FILM 
© VARTEX VARNISHED “FIBERGLAS"{ AND “MYLAR'’* POLYESTER FILM ¢ SPECIAL COMBINATIONS AVAILABLE UPON REQUEST 


*mylar, DuPont's registered trademark +Fiberglas, Owens-Corning Fiberglas registered trademark 
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Pixilated Patents 


(Forty-eighth in a series of odd 
and interesting inventions in the elec- 
tri-onics field from the files of the 
U.S. Patent Office.) 


Readers who are interested in be- 
ing electrocuted in comfort will find 
patent No. 285,853 of particular in- 
terest. Granted to Rickason Stilwell, 
New York City, on October 2, 1883, 
it concerned improvements in means 
for applying electrical or galvanic 
currents to beds, couches, mattresses, 
and the like. 

One of the principal improvements 
was a reduction in cost. Apparently, 
to obtain such luxury previously, it 
had been necessary to purchase an 
entire bed, couch, or mattress de- 
signed for this purpose. Rickason’s 
invention consisted very simply of a 
wire mesh frame-work which could be 
thrown down wherever this sort of 


GHS MEGPOTS* for 


Non-Destructive Testing 
*TM. GHS CORP. 


(~ 


_ MEGPOT MEGOHM-METER AND 
_ HIGH POTENTIAL TEST SET 
_ Non-destructive testing assured through quick ac 
__ing relay, cuts current from tested components | 
_ milliseconds. Provides for continuously variable 
_ leakage test, with settings from 20 microamperes. 
_ to 3 milliamperes, Reduces costs substantially fo 
__ testing transformers, relays, capacitors and com- 
_ plete assemblies. Rugged, portable. 8 
_ Voltage Ranges: Variable ranges to 0-5000V avail. 
_ Megohm-Meter Ranges: Up to 4 million megohms 
at 100 or 200V DC, up to 10 million megohms 
at S00V DC. 
_ Size: 164” wide x 1014” ay x 1214” deep 
_ Weight: 26 Ibs, ULLETIN No. 158 
__MEGPOT HIGH POTENTIAL TEST SET 
_ Lightweight portable for non-destructive testing. 
_ Full scale output with 0.0025 mfd load capacitance’ 
_ Voltage Ranges: Variable ranges to 0-5000V avail. 
_ Size: 1114” wide x 814” high x 914” deep. 
_ Weight: 12 Ibs. BULLETIN No. 570 _ 
] Write or call today for literature. ] 


GENERAL HERMETIC SEALING corp. 


99 E. HAWTHORNE AVE. 
VALLEY STREAM, L.I., N.Y. 
electronics. VAlley Stream 5-6363 
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By Mike Rivise 
4A 
treatment was desired, as long as 
there was a source of current avail- 
able. 

He seemed quite concerned about 
getting enough electricity into the 
unit because he specified that the 
lead-in wires “may be insulated by 
an india-rubber or other appropriate 
coating, when desired, in order that 
the currents may not be diverted 
therefrom,” but airily dismissed the 
subject of actual current carried by 
the wires as “a matter of mere work- 


shop skill.” 


As a matter of fact, it might be sus- 
pected that he either had a limited 
knowledge of electricity or a rather 
unorthodox view of it, since he states 
that the frame-work can be used on a 
mattress, bed, or couch either above 
or below the blankets or sheets and 
that “the passage of the current of 
electricity in due proximity to the 
body of the person lying thereon will 
effect in said person the curative or 
hygienic results known to be experi- 
enced from the application of elec- 


tricity.” 


Print Ins. 60 on Reader Service C 


INSULATION APPLICATION CONFERENCES 


Admittedly, Prehler's six-day-a-week Insulation Application Conferences are a bit smaller than the term "conference 
implies—just a Prehler man with a customer or perhaps as many as a dozen Prehler men sitting down with an insula- 
tion researcher. Nevertheless, these meetings are definitely conferences and not just ''slap the customer on the back'' 
sales calls. A primary purpose of a conference is to exchange information—Prehler men do just this on their calls— 
they listen to customer problems and ‘suggest possible solutions. What's more, Prehler men confer frequently with the 
country's top insulation scientists and engineers to get the latest and most reliable information on insulation materials 
and applications. 


Men with practical insulation know-how and extensive experience can add much to insulation application conferences. 
You'll find that a conference with your Prehler man will be helpful and mutually profitable. Phone or write him, today. 


PREHLER ELECTRICAL INSULATION CO.NO 


Chicago 39, Ill., 2300 N. Kilbourn Ave., EVerglade 4-6100 
Branch Offices 
Cleveland 30, Ohio, 12200 Brookpark Rd., Clearwater 1-1800 
Detroit 2, Mich., 411 Piquette Ave., TRinity 5-4020 
St. Paul 1, Minn., 367 Grove St., CApital 5-4321 
Milwaukee 12, Wis., 3379 N. Green Bay Ave., FRanklin 4-3100 
Dayton, Ohio, BAldwin 2-0574 

(Use Cleveland Address) 


SELMAN 


HIGH VOLTAGE POWER SUPPLIES 


MODEL PN-30 
REVERSIBLE POLARITY 


Continuously Variable 1-30 KV 
Unregulated DC Power Supply 


A light, compact unit in wide use for insulation 
testing, condenser charging, precipitators and 
laboratory research. Polarity reversible from 
front panel. Current output — 2 milliamperes 
at 20 KV: 1 ma. at 30 KV. Input — 117V AC 
60 cycles. Dimensions: 19” x 10%” x 13”, 

With meter $275 Net 
Less meter $225 Net 


MODEL PN-30C — Same as above except auto- 
matic overload and reset button provided, Ad- 
justable sensitivity 0.5 ma. to 2.5 ma. 


NWiltla) are Cer en caccese ee eect ae ...$325 Net 


WMessmimetery. 2c. es ee ee $275 Net 
HIGH VOLTAGE 


SPELLMA COMPANY 


1930 Adee Ave., Bronx 69, N.Y. | 


Kingsbridge 7-0306 
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Here's sure protection 
against flashback 


on switches, 
circuit-breakers, 
controls, etc. 


Sauereisen Insa-Lute Adhesive Cement 

No. 1 provides a ceramic-like coating that 

insulates electricity and withstands ther- 

mal shock. Easily applied by brushing 

or spraying. Hundreds of other uses. 
Ask for Data Sheets 


SPECIAL TRIAL ORDER 4,40 


for making tests under your own conditions 


Gallon Can 


Sauereisen Cements Co. 
Pittsburgh 15, Pa. 


SAUEREISEN 
insa-tute Wi | 
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People in the News 


T. G. A. Sillers, 57, manager of 
the power systems engineering de- 
partment of Allis Chalmers Mfg. Co., 
died recently in Milwaukee. He 
joined the firm in 1925. E. F. Greiwe, 
with the company since 1936, and 
most recently manager of the Nor- 
wood, Ohio, works centrifugal pump 
department, has been named manager 
of the West Allis centrifugal pump 
department and compressor depart- 
ment. He is succeeded at Norwood by 
R. J. Dineen, with the firm since 
1952. H. L. Ross has been appointed 
manager of engineering for the newly 
consolidated pump and compressor 
department. He had been manager of 
the West Allis centrifugal pump de- 
partment since 1959. 

Edward H. Lewis, president of 
Western Insulated Wire Co., Los An- 
geles, died recently in his Brentwood, 
Cal., home. He founded the company 
in 1937, 

Eugene Jacobson has been elected 
a vice president of Sun Chemical 
Corp., New York City. He was the 


founder and president of Facile Corp., 


manufacturer of laminated products, 
until it was sold to Sun last November. 


4 


E.. Jacobson 


J.T. Wilson 


Dr. Jack T. Wilson has been ap- 
pointed to the technical service staff 
of the Magnet Wire Div., Essex Wire 
Corp., Fort Wayne, Ind. He previous- 
ly was chief physicist of the Louis 
Allis Co., where he directed research 
and development in insulation ma- 
terials. 

At Chance Vought Aircraft Inc., 
Dallas, Gifford K. Johnson, with the 
firm 10 years, has been named execu- 
tive vice president. In the Electronics 
Div., D. J. Simmons, previously chief 
of ground support systems, has been 
promoted to the newly created posi- 


‘ 
e 


tion of chief of electronics systems; 
and J. R. Campbell, formerly staff 
assistant in electronics engineering 
and chief of the electronics design sec- 
tion, has been appointed chief scien- 
tist. 

F.. Leonard Bryant, a vice president 
of Hooker Chemical Corp., Niagara 
Falls, N. Y., since 1957, has been 
elected executive vice president and a 
director. Also elected directors are 
Thomas F. Willers, a Hooker vice 
president, and Werner P. Gullander, 
executive vice president and a direc- 
tor of General Dynamics Corp. 

Formica Corp., Cincinnati lami- 
nated and molded plastics manufac- 
turing subsidiary of American Cyana- 
mid Co., has named Albert L. Mun- 
sell general sales manager and ap- 
pointed S. J. Cartier industrial sales 


manager. 


A. Munsell Sa Cotes 


Two sales engineers have been 
added to the Rochester, N. Y., staff 
of F. J. Stokes Corp., Philadelphia 
plastic machinery manufacturer. They 
are Robert Fehr, previously manager 
of plastic machinery sales for Watson- 
Stillman — Div., Farrel-Birmingham 
Inc., and Charlton I. Prince, former- 
ly with the Rochester Products Div., 
General Motors Corp. 

Jack H. Zillman has been elected 
vice president, data processing divi- 
sion, Consolidated Electrodynamics 
Corp., Pasadena, Cal., a subsidiary 
of Bell & Howell Co. He formerly was 
vice president and general manager 
Pacific Div., Daystrom Inc. The di- 
rector of the Analytical & Control 
Div., Harold F. Wiley, has also been 
named a vice president of the firm. 
Wiley has been with CE since June 
1937, just four months after it was 


established. 


NEMA Electrical Insulation Index 


ELECTRICAL INSULATING MATERIALS 


INDEX OF AVERAGE MONTHLY 
DOLLAR SALES BILLED BY YEARS 
1947 - 1949 = 100 


34 I al a2 a SB JFMAMJJASOND J FMAM) JASOND 
Aug. 60 an 00 Aug. 59 Materials Used in Electrical Insulation Index 
Index Series 131 101 145 , 
Aug. ’60 point change from other mos. +30 —14 Industrial Laminated Products 
Aug. ’60 % change from other months +30 —10 Manufactured Electrical Mica 
Index is based on 1947-1949 average month, inclusive= Varnished Fabric and Paper 
ag Wileaniedii 
Published through the courtesy of the National Electrical gc a hak as 
Manufacturers Association Coated Electrical Sleeving 


~ DO YOU AVOID 
PLASTIC INJECTION 
MOLDING weccuse you 


think it's too complicated, expensive? 


It is easier than you think with a MINI- JECTOR®! No need 
to invest heavily in costly machinery, expensive tooling, or 
skilled personnel. Hundreds of leading companies have found 
MINI-JECTORS the low-cost answer to making their own 
precision plastic items and saved thousands of dollars. The 


(3) : 
MYSTIK BRAND | or i eee Ga ces oe 


Molds perfect parts, including those involving inserts or loose 
® 
SILICONE FIBERGLAS 


cores, in all thermoplastics including Nylon ( Vy oz. to 1% 0z.). 
| 


New catalog shows how simple plastic injection molding 

can be with the MINI-JECTOR. Shows many models 

Wy to fit your special needs ... at big savings. 
Write today. 


NEWBURY INDUSTRIES, INC 


Box 128, Newbury, Olio 


Despite terrific temperature changes, abra- Se aide, — 110° Ft 


7000-G: Silicone adhesive | 
sions and repeated immersions in acids, 4550° F | 


———— — — —— 
oO Ww lectrical 7100-G: Silicone adhesive | 

ils and water—these stainproof e : TOO elicone ste | NEWBURY IND USURES, NC: For convenience’ clip 
tapes have demonstrated their ability to ¢9 +550° F. | os SS 


seal... hold .. . and insulate without 7010: Semi-cured Silastic® 


i | Please send me your new free catalog. 
compound on one side and 


wes ening! 7000-G and 7100-G will meet — Siicone pressure-sensitive Utd 
Ss. adhesive on the other. \ 
your Class H insulation requirement | | Se eer 
® Write for samples and further information | Address , ; 


J MYSTIK | Mystik Adhesive Products, Inc. | at a City. = State a 
—— 4234 W. Drummond Place, Chicago 39 Se ee agi SS Aare PAS ear PN ee oe nat 
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‘ VARNISHES 
COMPOUNDS 


_CLASS F VARNISHES 
Sierling offers performance-proven insulation 


Performance-Proven 


Thermopoxy 


Sterling T-653-LB and U-475-E are pure epoxy var- 
nishes, for application by CONVENTIONAL DIP- 
PING and baking processes. All inherent epoxy resin 
advantages are assured: mechanical strength, heat- 
stability, resistance to moisture and chemical attack 
under severe operating conditions. Thermopoxy Varnishes 
have been use-tested with extraordinary success for over 
six years. 


Performance-Proven 


Thermopoxy 


Sterling U-854—a single-component, thixotropic, bak- 
ing type compound—has been proven thoroughly effec- 
tive for vacuum pressure impregnation and encapsula- 
tion of stators and other windings. All chemical and 
mechanical properties of epoxy resins are assured, plus 
complete filling of interstices between conductors and 
perfect protection of outer windings against dust, lint, 
metallic and abrasive particles, etc. 


lyester ma ty __ 
e 
hie [ il VARNISH COMPANY 
Established 1894 
HAYSVILLE BOROUGH (SEWICKLEY), PA. 
In Canada: The Sterling Varnish Co. of Canada Ltd., St. Catharines, Ontario In England: The Sterling Varnish Co. Ltd., Manchester 
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. Conference Section 


THIRD NATIONAL CONFERENCE ON THE APPLICATION 
OF ELECTRICAL INSULATION 


December 5-8, 1960 
The Conrad Hilton Hotel, Chicago 


Yen 


. oN 


AZ 


IN THIS SECTION 
Hotel plan 


Conference highlights and general information 
4 Complete program—times, locations, titles, and subjects for all meetings and sessions 
| Points of Interest in Chicago 
Marketers’ meeting 
Unity of Action banquet 
Golden Omega award 
Exhibit features and information 


Men in the insulation conference 
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NATIONAL 
CONFERENCE 
ON APPLICATION 
OF ELECTRICAL 
—~INSULATION 


Detailed information on the pro- 
gram, meetings, exhibits, and other 
features of the Third National Con- 
ference on the Application of Elec- 
trical Insulation appears elsewhere 
in this issue. A condensed descrip- 
tion of some of the conference fea- 
tures is given here as a quick, overall 
guide to the December 5-8 meeting in 
the Conrad Hilton Hotel, Chicago. 

The conference is co-sponsored by 
the American Institute of Electrical 
Engineers and the National Electrical 
Manufacturers Association. Anyone 
with an interest in insulation may at- 
tend. 


Registration and Tickets 


The main registration desk will be 
located on the second floor. The com- 
plete conference registration fee is 
$15. This includes entrance to all 
technical meetings, the exhibit hall, 
and a copy of the preprint booklet. 
Government employees, educators, 
and students will be admitted to both 
technical sessions and exhibits free, 
but will be charged $1 for the pre- 
print book. The fee for attending only 
the exhibits is $3. 

Tickets for special functions (ban- 
quet, luncheons, etc.) may be ob- 
tained at the second floor registration 
desk when registering. If they are 
not purchased at this time, they may 
be obtained later at a special ticket 
booth on the third floor. 


Technical Sessions 


Technical sessions are organized 
on tke basis of end-use applications. 
Each session will begin with a key- 
note paper presented by the session 
director. Visual aids and discussion- 
type presentations will be emphasized 
rather than formal readings. A com- 
plete listing of titles, authors, times, 
and room locations appears on other 


pages in this issue. 
Exhibits 


Commercial exhibits by producers 
of electrical insulation, instruments, 
etc., will be open during specified 
hours. For exhibit hours, list of ex- 
hibitors, and products or services 
featured, see the report on other pages 
in this issue. Exhibits will be free to 
registrants, with a special fee of $3 
being charged those who do not wish 
to attend the technical sessions and 
other functions. 


Conference Banquet 


Again this year, the “Unity of Ac- 
tion” banquet on Tuesday evening 
will be one of the most significant 
events of the conference. Many na- 
tionally known personalities will be 
present. Walker L. Cisler, The Detroit 
Edison Co., will be the featured speak- 
er. Toastmaster will be Clinton B. 
Burnett, Johns-Manville Corp. Fur- 
ther details appear on another page. 


Golden Omega Award 


Another banquet highlight will be 
the presentation of the Golden Omega 
award to Dr. Mervin J. Kelly, who 
was with Bell Laboratories for 41 
years and who is presently serving 
as a research management consultant 
to IBM Corp. and Bausch and Lomb 
Optical Co. The award, sponsored by 
Insulation, is presented annually to a 
man picked by an independent com- 
mittee as being outstanding in science 
and engineering. The recipient last 
year was Vice Admiral Hyman G. 
Rickover, USN. 


AIEE Luncheon 


A luncheon has been scheduled 
Wednesday under the auspices of the 
Electrical Insulation Committee of the 


RE pas 
E Conference Highlights and 


General Information 


American Institute of Electrical En- 
gineers. Details appear on another 


page. 


NEMA Dinner and Reception 


A dinner and reception sponsored 
by the National Electrical Manufac- 
turers Association will begin at 6:30 
pm Wednesday. Details appear on an- 
other page. 


Plant Tours and Points of 
Interest in Chicago 


Several tours to nearby facilities of 
interest to insulation men have been 
scheduled. Separate trips to Western 
Electric Co. and the Electro-Motive 
Div. (GMC) are planned for Monday 
afternoon. The Motorola Co. will be 
visited Wednesday afternoon, and a 
tour to the Allis-Chalmers Co., West 
Allis, Wisc., will occupy all day 
Wednesday. 


Insulation Marketers’ Meeting 


The conference will be concluded 


_ with a Marketers luncheon on Thurs- 


day following the morning Marketing 
sessions. These sessions will combine 
inspiration, “how-to-do-it” sales train- 
ing help, sales management know- 
how, humor, and “inside” marketing 
information. Details will be found on 


another page. 


Merchandise Mart—Overlooking Chi- 
cago River at Wells. 
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Me 
| é Points 


NATIONAL 
CONFERENCE 
ON APPLICATION 
OF ELECTRICAL 
TNSULATION 


Insulation men attending the Third 
National Conference on the Applica- 
tion of Electrical Insulation will have 
an excellent opportunity to visit the 
“undisputed leader” of convention 


Doe Me ee. 


Conrad Hilton 


right. 
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of Interest in Chicago 


cities. Chicago has earned this title 
because of its friendliness to visitors 
and its many social, cultural, and 


educational attractions. 


Located at the foot of Lake Michi- 


Hotel on left, Michigan Avenue, and Art Institute center 


gan, Chicago has advanced in a little 
over a hundred years from an obscure 
Indian outpost to the second largest 
city in the United States and a major 
hub of commerce and industry. Its 


recorded history really begins with | 


the first exploration by Louis Joliet in 


| 


1673. A year later, Father Marquette | 


returned to establish a mission for the 
Indians. 

In 1795, the Government, by a 
treaty with the Indians, acquired title 
to a plot of land at the mouth of the 
Chicago River to establish the famous 
Fort Dearborn from which the city 
sprouted. 

The downtown section of the city— 
known by the natives as the “Loop” 
—offers the visitor various means of 
transportation for visiting points of 
interest. In most cases, these attrac- 
tions are within walking distance, and 
the ones farther out may be easily 
reached by el, subway, bus, or taxi. 

This list of some of the things to 
see in Chicago is presented for the 
convenience of insulation men, who 
will find it a quick and easy way to 
plan their free time to best advantage. 
There is no entrance or tour charge 
unless a specific fee is stated. 


Downtown 


Art Institute—Michigan & Adams. 
Open 9 to 5, weekdays; 12 to 5, Sat. 
Admission free Wed., Sat., Sun., and 
holidays. 

Board of Trade—Jackson at La Salle. 
Largest grain exchange in the world. 
9:30 to 1:15, Mon. through Fri.; 
9:30 to 12, Sat. 

Chicago Locks—at mouth of Chicago 
River. Big enough to float ocean 
steamers and where St. Lawrence 
waterway meets Mississippi River 
system. 

Chicago River—Separates downtown 
and city’s north and west sides. North- 
ern outlet of Lakes to Gulf inland 
waterway system. 


Civic Opera—Madison at Wacker. 
Most palatial auditorium ever con- 
ceived. Home of Lyric Opera and 
traveling ballet groups. 

Grant Park—Between the lake and 
Michigan Ave. from Randolph to 
14th St. Built entirely on land re- 
claimed from the lake. 

John Crerar Library—86 E. Ran- 
dolph. Free reference library of tech- 
nical and scientific literature. 

La Salle Street—From Jackson to 
Washington. Wall Street of Midwest. 
Michigan Ave.—FKast of Loop. World- 
famous spot for window shopping. 
Midwest Stock Exchange—120 S. La 
Salle. Open 9 to 2, weekdays; 9 to 2, 
Sat. 

State Street—Main street of Chicago. 
Home of Marshall Field’s, Carson 
Pirie Scott, and many other depart- 
ment and specialty stores. 


North Side 
Bughouse Square—Dearborn & Wal- 


ton. Where soap-box orators gather 
to let off steam. 

Chicago Historical Society—In Lin- 
coln Park at Clark & North. Open 
9:30 to 4:30, weekdays; 12:30 to 


5:30, Sun. Free weekdays. 
Lincoln Park Zoo & Conservatory— 
Stockton Dr. & Fullerton. Open every 
day. 
Water Tower 


Michigan & Chicago 


Ave. Survivor of Chicago Fire. 


South Side 


Adler Planetarium—Lake Front at 
Roosevelt Rd. Weekdays 10 to 5; 


Sun. 2 to 5. Admission free Sun., 
Wed., Sat. Other days, 30¢. 
Chicago Natural History Museum— 
Grant Park at Roosevelt Rd. Open 9 
to 4. Admission free on Thurs., Sat., 
Sun. Other days, 30¢. 

George F. Harding Museum—4853 S. 


Lake Park Ave. Medieval armour. 


Open 1 to 5 except Mon. and Sat. 


Museum of Science and Industry— 
Lake Front at 57th St. Open week- 
days 9:30 to 4, Sat. to 5:30, Sun. to 7. 


Admission free except to coal mine, 
Nickelodeon, captured U-boat, and 
Microworld Theater. 

Oriental Institute—58th and Univer- 
sity. Daily 1 to 5. 

Shedd Aquarium —Grant Park at 
Roosevelt Rd. Open 10 to 5. Free 
Thurs., Sat., and Sun. Other days, 
30¢. 

Soldier Field—Lake Front at 16th. 
Stock Yards-—41st & Halsted. 

West Side 

Garfield Park & Conservatory—3400 
to 3800 West, 500 North to 500 South. 
Open every day. 

Maxwell Street—At Halsted. Noisy 
outdoor market. Closed Sat. Sun. AM 


best time to go. 


need better 


West Virginia produces two high-quality pressboards 
especially suited for punchings: 


ELECTRITE: A hard board for all kinds of punchings; 
punches clean and smooth. Electrite is natural rosin 
sized to resist moisture, with high tensile strength. 


DENSITE: An extremely hard board, sized for moisture 
resistance or unsized for applications in oil. 


Electrite and Densite are superior because they are 
made from 100% virgin kraft pulp from our own mill. 
Complete product control from forest to you assures 


consistent uniformity and absolute purity, with no 
metallic particles. 


See How Our Pressboard Can Help You: 


Write for complete technical data, and Underwriters’ 
Laboratories Report #E3987. Board Products Sales, 
West Virginia Pulp and Paper Co., Covington, Virginia. 


West Virginia 
Pulp and Paper 


Print Ins. 66 on Reader Service Card 


Insulation, December, 1960 127 


MM 


NATIONAL 
CONFERENCE 
ON APPLICATION 
OF ELECTRICAL 
INSULATION 


Conference headquarters, exhibits, registration and information 
facilities, ticket sales activities, dining functions, and all technical 
session meeting rooms are located at the Conrad Hilton Hotel in 
Chicago. Be sure to examine the complete program thoroughly so 
that you may plan to attend all sessions which interest you. 


Conference Headquarters 

Private dining room No. 9, 3rd floor. 

Local Arrangements Headquarters 

Private dining room No. 8, 3rd floor. 

Press room 

Private dining room No. 10, 3rd floor. 

Sunday, Dec. 4 

Registration 

2-9 pm, 2nd floor. 

Ticket Sales 

2-9 pm, 3rd floor. 

Monday, Dec. 5 

Registration 

8 am-6 pm, 2nd floor. 

Ticket Sales 

8 am-6 pm, 3rd floor. 

Monday Morning, Dec. 5, Technical Sessions 
7:30, speakers’ breakfast, private dining room No. 1, 3rd floor. 


9-12, Session 1A, Class F Systems for Medium Size Rotating Equip- 
ment, Waldorf room, 3rd floor. E. W. Summers, Westinghouse Elec- 
tric Corp., session director, E. B. Snyder, Bentley-Harris Mfg. Co., 
session manager. 

Review of Class F Insulating Systems, E. W. Summers, Westing- 
house Electric Corp. Interest in 155°C materials has been mount- 
ing. However, 155°C materials have no historical definition and 
thus must be determined by functional tests. There is also the 
question of whether the use of a class F system will be an eco- 
nemic advantage. 

End User Discussion, Henry Pollack, Ingersoll Rand Corp. 
Flexible Synthetic Fiber Insulating Papers, R. C. Berry, Rogers 
Corp. Synthetic fiber papers have mechanical properties similar to 
rag papers but have better chemical resistance, thermal stability, 
and dielectric strength. Products for hermetic motors and for use 
at temperatures up to the class F range have been produced. 
Flexible 155°C Electrical Insulation, Lloyd N. Smith, New Jersey 
Wood Finishing Co. This paper covers a flexible, heat-resistant, 
resin coated glass fabric for use at 155°C. It provides data on 
heat aging, dielectric strength under heat, weight loss of resin at 
elevated temperatures, and compatibility properties with various 
magnet wires. 

Enameled Wire Insulation for Class F Systems, R. H. Hall, Phelps 
Dodge Copper Products Corp. New magnet wire development for 
class F 155°C service does not heat shock and exhibits better com- 
patibility with varnishes than conventional polyester wires. It has 
better abrasion resistance, solvent resistance, and a high order of 
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Complete Program: Times, Locations, 
Titles, and Subjects for All 
Meetings and Technical Sessions 


dielectric strength. 

Functional Evaluation of Class F Insulation for Rotating Ma- 
chinery, A. J. Sherburne, J. R. Learn, and Wm. Viscusi, General 
Electric Co. Modified test models have been devised to simulate 
random wound and layer wound constructions using combinations 
of magnet wire, varnish, and ground and layer insulations. A 
slotette uses a section of an actual stator to compare slot insulations 
and wrappers in combination with wire and varnish. A modified 


transformerette evaluates layer insulations and new coil treatments. 


9-12, Session 1B, Progress in Switchgear Insulation, Williford room, 
3rd floor. D. D. Bergh, General Electric Co., session director. A. J. 
Briggs, Continental-Diamond Fibre Co., session manager. 
Progress in Switchgear Insulation, D. D. Bergh, General Electric Co. 
End User Paper, W. K. Anderson, Commonwealth Edison Co. 

An Analysis of Insulation Requirements for Metal-Clad Switchgear, 
Warren Donaldson, General Electric Co. Metal-clad switchgear 
insulation requires a combination of mechanical properties deter- 
mined by short circuit forces, electrical properties determined by 
service voltage and equipment application, and chemical properties 
determined by service environment and material limitations. An 
understanding of the basic requirements will help to achieve the 
optimum material. 

Laminated Plastics for Switchgear, H. V. Howe, Continental- 
Diamond Fibre Corp. Use of epoxy glass tubing in oil and air type 
circuit breakers, and the conventional use of paper base phenolic 
tubes for primary disconnect bushings, bus insulation in magnetic 
air circuit breakers, and interruption housings for oil circuit 
breaker contacts. Flat, postformed, and molded laminate shapes in 
metal-clad switchgear also covered. 

Compreg in Switchgear, E. T. Rogers, Permali, Inc. This is a 
definition and description of compreg with a review of properties. 
There is a general discussion of the function of dielectric com- 
ponents in switchgear with an analysis of the specific requirements 
of major functional parts. 


9-12, Session IC, Electrical Circuit Connectors, Beverly room, 3rd 
floor. R. F. Dorrell, Amphenol-Borg Electronics Corp., session di- 
rector. H. W. Lynch, Moxness Products Inc., session manager. 
MIL-C-26500 Connectors, R. F. Dorrell, Amphenol-Borg Electron- 
ics Corp. This paper describes the development and fabrication 
of composite silicone-epoxy dielectric materials which maintain 
electrical integrity under continuous exposure to high temperature, 
moisture, fuels, salt corrosion, ozone, and mechanical stresses. This 
connector construction has eliminated the necessity for using pot- 
ting compounds. 

End User Paper, Galen Eley, Wright Air Development Div. 
Insulating Systems for 600°F and 1000°F Aircraft Wire, R. W. 
Anderson and Allen Hubbard II, Lewis Engineering Co. Program 
has resulted in the development of insulated wire and cable suitable 
for use in Mach 3 aircraft and for ambient temperatures ranging 
from 600°F to 850°F and conductor temperatures from 650°F to 
1000°F. The paper summarizes performance data, testing programs, 
and test equipment. 

Epoxy in New Form Molding Compound and Machine Stock, 
Lloyd A. Dixon, Hysol of California. Epoxy machining stock in 
sheets, rods, and tubes can be used over a range in excess of —65°F 
to 400°F for bushings, bobbins, coil forms, inserts, and potting 
shells. Epoxy molding compounds are available for use in high- 
speed automatic molding equipment. Molded parts can be produced 
in less than 100 seconds. Complete physical and electrical data for 
the molded and the cast products are discussed. 


Monday, Dec. 5, Trade Show Exhibits 
12 -9 pm, main exhibition hall, lower lobby. 
Monday, Dec. 5, Plant Tours 


1 pm, Western Electric Co., Hawthorne Works, rod and wire mill 
and cable plant, $3.00 

1 pm, Electro-Motive Div., General Motors Corp., diesel-electric 
locomotives and mobile generating units and controls, $3.00 


Monday Afternoon, Dec. 5, Technical Sessions 


2-5, Session 2A, Medium D-C Rotating Equipment, Waldorf room, 
3rd floor. J. L. Kuelthau, Allis-Chalmers Mfg. Co., session director. 
Ward Hanson, Minnesota Mining & Mfg. Co., session manager. 
Newer Insulating Materials in D-C Motors and Generators, J. L. 
Kuelthau, Allis-Chalmers Mfg. Co. In the last decade the number 
and variety of insulating materials available have increased many 
fold. Synthetic resins, fiber glass, reconstituted mica, synthetic 
fibers, and films in their varied forms and characteristics have pro- 
vided a wealth of new materials and combinations of materials 
which have enabled designers to provide greater reliability, greater 
economy, and wider range of application. 

Application Experience on D-C Motors by the United States Navy. 
W. H. Fifer, Bureau of Ships, U. S. Navy. The Navy has 6,500 
large motors and generators which have been in operation for 15 
to 18 years. All were constructed with class B insulation. Early 
problems consisted mainly of toxicity hazard of phenolic parts 
when burning, reconditioning after flooding in salt water, and 
improper varnishing procedures. Large motors and generators can 
be designed for long trouble-free life by proper use of air coolers, 
carbon dust filters, and suitable enclosures. Any amount of silicones 
will cause accelerated brush wear and must be avoided in enclosed 
machines with commutators or slip rings. 

Evaluation of Commutator Bar Insulation, M. F. Gerkin, Conti- 
nental-Diamond Fibre Corp. This presentation evaluates and 
compares the numerous micaceous materials available for com- 
mutator bar insulation with respect to the primary requisites: 


dielectric strength, compression—both hot and cold—and stability 
at high pressures and temperatures. 

Evaluation of New Materials for D-C Motors and Generators, 
W. B. Penn, General Electric Co. In addition to, and as a prelude 
to large scale insulation systems evaluation, a variety of smaller, 
more rapid screening and evaluation tests are employed in the 
selection of insulation materials. Some of these tests are described 
and their results indicated. These include: compatibility tests, 
dimensional stability or resistance to compression creep of sheet 
insulations, bonding strength tests on varnishes, and _statorette 
testing of systems. 

Epoxy Resin in Tape Form, R. R. Charbonneau and P. L. Hedrick, 
Minnesota Mining & Mfg. Co. Epoxy resins in tape form in both 
bondable and fully cured resin types in a wide range of flexibility 
are described, with specific reference to applications for each. 
Polyester fibers, glass fibers, mica paper, or mica splittings are 
used as reinforcement. 


2-5, Session 2B, Materials for Upgrading Temperature for Controls, 
Williford room, 3rd floor. L. Mayeron, Minneapolis-Honeywell Reg- 
ulator Co., session director. P. L. Hedrick, Minnesota Mining & Mfg. 
Co., session manager. 

Materials for Upgrading Temperature for Controls, L. Mayeron, 
Minneapolis-Honeywell Regulator Co. There has been an increased 
demand to upgrade controls for higher operating temperatures. 
In many cases, this must be accomplished in decreased space. This 
presents a problem regarding compatibility. 

Electrical Insulation in Air Conditioning, A. B. Newton, Borg- 
Warner Corp., York Division. Even large motors are now enclosed 
in refrigerant atmospheres, and smaller and more complex con- 
trols are in use. Both are made possible through new insulation 
materials. Their use provides reliable equipment in as little as half 
the cubage needed previously. 

Ultra-Fine Magnet Wires of Copper and Aluminum Open New and 
Challenging Fields, J. LL. McKinley, Rea Magnet Wire Co. Inc., 
Diy. of Aluminum Co. of America. Manufacturing techniques have 
been developed for low cost, high volume production of film 
insulated wires 45 and finer in both copper and aluminum. Char- 
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Electronic 


Lamination and 
Filtration Fabrics 


Electrical 


CAROLINA 


Equipment 


Since 1928 


Insulating Tapes and Specialty Fabrics 


For All Types 


Electrical and Electronic Applications 


Specially engineered fabrics of glass, wire, Dacron’ and other synthetics 
Cotton tapes and webbings—natural, dyed, purified 


Colored insulating yarns—soft or glaze finish 


Aircraft 


Woven fiber glass and other synthetic tapes 


Visit us at the 3rd National Conference on the Application of 
Electrical Insulation, Booth 125 


CAROLINA NARROW FABRIC CO. 


P.O. Box 1400, Winston-Salem, N.C. 


Phone PArk 4-3638 


Send for Free Sample Card 
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For the finest in 
teflon spaghetti tubing... 
specify chemfvor™ 


Chemplast’s Teflon spaghetti tubing is specially manufactured 
to meet the slip-on insulation needs of today’s electronics 
industry. Chemplast tubing provides greater reliability, by 
virtue of its exceptional dielectric properties, resistance to 
high temperatures, flexibility and toughness, uniform color, 
and 100% inspection. With Chemplast spaghetti tubing you 
get all these advantages: 


@ CERTIFIED QUALITY 


Closely controlled dimensions, stress-relieved for dimen- 
sional stability . . . meets the requirements of AMS- 
3653A, MIL-I-22129. 


@ WIDE RANGE OF SIZES: 


Typical Wall 
Thickness 
(AWG #22) 


Lightweight 
Thin-wall 
Standard 


Available in eleven standard colors. 


@ PROMPT DELIVERY of all stock sizes. 
@ CHEMPLAST EXPERIENCE AND SERVICE 


For years a foremost producer of Teflon products, 
Chemplast employs its experience and know-how in the 
manufacture of spaghetti tubing. 


Chemplast also supplies tape, sheets, rods, tubes, and 
machined components of ‘‘Teflon”. Write today for a 
prompt quotation. 


*DuPont's TFE Fluorocarbon Resin. 
**Chemplast's registered Trademark. 


FTFIMAELAS inc 


3 CENTRAL AVE., EAST NEWARK, N. J. 
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acteristics are outlined and likely areas for potential developments ; 
are pointed out. Problems and techniques required for handling | 
are discussed. 
High-Temperature Epoxide Resin Formulations, J. A. Warburton, 
and R. S. Norman, General Electric Co. This paper covers the } 
formulation and evaluation of high-temperature epoxide resins. | 
Emphasis has been to develop impregnating and encapsulating 

materials for operation at 232°C and thermal cycling to —65°C. 

Data are presented on weight loss, dimensional changes, and ther- 

mal cycling. 

Laminated Mica—a New Insulation Material, E. G. Dingman, The 

Macallen Co. Inc. New mica reinforced laminate with epoxy resins 

has good strength at high temperatures, unusually high stiffness, 

good electrical properties inherent in mica, fire retardance, and a | 
coefficient of expansion that is nearly the same as copper. Prop- 

erties are good enough to allow the use of 1/32” to replace 1/16” 

XXXP laminates. Copper-clad materials can be had. A similar 

material is available in tape and sheet form in an uncured condi- 

tion. 


2-5, Session 2C, Electrical Insulation Evaluation, Beverly room, 3rd | 
floor. N. W. Edgerton, Johns-Manville Corp., session director. | 
Development of Rapid Track Testing Procedures, G. R. Mitchell, |) 
The Glastic Corp. A short-time testing procedure has been 
developed using water filled hypodermic needles as electrodes, 


. which produces a test result in 3 to 5 minutes. This procedure 


ranks materials in approximately the same order as does the ASTM 
“Suggested Method,” but it may not be as selective for some 
material compositions. A revised procedure using a controlled 
spray of contaminated water is also being investigated. 

An Interpretation of Arc and Track Resistance Methods by the 
Power Density Concept, H. R. Sheppard, Westinghouse Electric 
Corp. The basis of the power density concept is that the carboniza- 
tion of insulation is a function of the energy expended per unit 
area of material per unit time. Since each of the test methods 
now in use employs specific geometrical configurations and defines 
the amount of electrical energy used in degrading the insulation, 
the power density concept can be used to interpret and correlate 
test results. 

Functional Evaluation of Mica Products, H. C. Lauroesch, General 
Electric Co. This evaluation covers the thermal endurance, voltage 
endurance, handleability, and mechanical properties of mica 
products as related to application requirements, and the signif- 
icance of the values obtained. 

Evaluation Procedure for Electrical Insulating Varnishes, C. F. 
Hofmann, Westinghouse Electric Corp. This paper describes the 
testing methods and presents data used in the evaluation and 
selection of the new low temperature curing class H insulating 
varnishes for electrical apparatus. These methods can be modified 
and are useful for examining all classes of insulating varnishes. 
Critical Evaluation of the Accuracy and Reliability of Enameled 
Wire Tests, R. B. Young, General Electric Co. The reliability of 
common wire tests has been examined from the viewpoint of 
variables usually encountered in performing these tests. These 
variables include humidity, temperature, elongation, and degree 
of cure of the enamel. Reproducibility of the tests has also been 
studied. The tests evaluated include scrape abrasion, cut-through 
temperature, flexibility, solvent resistance, and dielectric strength. 


Tuesday, Dec. 6 

Registration 

8 am - 6 pm, 2nd floor 

Ticket Sales 

8 am - 6 pm, 3rd floor 

Tuesday Morning, Dec. 6, Technical Sessions 

7:30, speakers’ breakfast, private dining room No. 1, 3rd floor. 


9-12, Session 3A, Large Motors and Generators, Waldorf room, 3rd 
floor. E. S. Yates, General Electric Co., “session director. P. A. 
Goodwin, General Electric Co., session manager. 

Large Motor and Generator Insulation Practices, E. S. Yates, 
General Electric Co. This paper deals principally with machines 
in the 13.8-kv class. Requirements of high-voltage insulation are 
reviewed with respect to the finished system and its components, 
touching on new materials, development, testing, and service 
performance. 


Laboratory Evaluation of High Voltage Stator Insulation, P. E. 
Podhorez, General Electric Co. This paper describes a laboratory’s 
approach to the evaluation of class B high-voltage stator insulation. 
It gives a brief description of the test method, sample preparation 
and procedure followed. An illustrative example of test results 
shows the significance of each test. 

Low Viscosity Epoxy Impregnants, John Delmonte, Furane Plas- 
ics Inc. Solyent-free epoxy formulations proving valuable as 
impregnants for motors and generators are evaluated. Data on 
viscosity, physical properties, and cure conditions are presented. 
Silicone Insulation Systems and Processes, R. A. Ward and R. S. 
Armstrong, General Electric Co. Fundamental properties and 
benefits of sealed silicone insulation systems are presented. 
Included are data on dielectric integrity and on the effect of 
system design on moisture resistance. The need for adequate curing 
is emphasized. Detailed discussion of processing techniques is 
presented. 

Consideration of an Optimum Frequency for High Potential Test- 
ing, P. N. Bosworth, General Electric Co. A high potential test 
at the service frequency is a reliable indicator of the suitability 
of the insulation system of an electrical apparatus for the service 
period. However, it is often not possible to apply the service fre- 
quency high potential test at field installations. One way to 
reduce this charging KVA on a given capacitance and test voltage 
is to reduce the testing frequency. It seems appropriate to discuss 
preliminary arguments on this subject and to consider if approxi- 
mately 0.1 cps may be the desired value. 


9-12, Session 3B, Application and Evaluation of Transformer Insulat- 
ing Materials, Williford room, 3rd floor. H. G. Zambell, Allis- 
Chalmers Mfg. Co., session director. P. M. Di Cerbo, Sterling Varnish 
Co., session manager. 

Application and Evaluation of Transformer Insulating Materials, 
H. G. Zambell, Allis-Chalmers Mfg. Co. This paper reviews current 
status of well-known and new insulating materials for oil-filled, 
gas-filled, and dry type power and distribution transformers—ap- 
plications; dielectric, thermal, and chemical properties; perform- 
ance; and economic considerations. 

A User Looks at Insulation Materials, A. S. Mickley, Philadelphia 
Electric Co. Those features of a transformer which a user must 
examine in making a proper selection are outlined, with particular 
emphasis on the effects of insulation systems on individual items. 
Corona-Free Structures for Dry Type Transformers, C. E. Glatz, 
Allis-Chalmers Mfg. Co. Detailed studies of the corona inception 
voltages of models representing solid layer insulation, lead 
assemblies, and coil clearances were made. The results show that 
different structures have different corona inception characteristics 
when corona inception is expressed as a function of the quantity of 
the charge and as a percentage of breakdown voltage. 

Class H Transformerette Test on New Barrier Insulation, Herbert 
W. Dornbush, Pennsylvania Transformer Div., McGraw-Edison Co, 
This paper describes preliminary screening work and transformer- 
ette tests for evaluation of new class H barrier insulation. New 
materials provide much longer life at elevated temperatures and 
greater mechanical strength. 

New Magnet Wires for Transformer Use, E. H. Olson, Anaconda 
Wire and Cable Co. This paper discusses several new magnet wires, 
and presents data on the unusual features offered by the use of 
these wires in transformer systems. 


9-12, Session 3C, Thermal Endurance of Electrical Insulation, Beverly 
room, 3rd floor. H. K. Graves, New York Naval Shipyard, session 
director. 

Insulation Life Comparison, Components vs. Systems, H.R. 
Sheppard and G. A. Mullen, Westinghouse Electric Corp. Test 
procedures have been developed for use in evaluating insulation 
systems. In this paper the limitations in designing satisfactory 
insulation systems based on the evaluation of insulation components 
are shown. 

Thermal Classification of Pressure-Sensitive Adhesive Tapes, R. E. 
Hudrlik and W. M. Hanson, Minnesota Mining & Mfg. Co. The 
performance characteristics of various pressure-sensitive electrical 
tapes have been studied as a function of temperature on a short 
and long term aging basis. Logarithmic life values are plotted to 
demonstrate effective tape life in the same manner currently being 
used to predict insulation life at various temperatures. 

Thermal Aging of Enameled Wire and Insulating Varnish, D, L. 
McClenahan, Schenectady Varnish Co. This paper describes and 
tabulates the results obtained from a high-temperature modifica- 
tion of both the AIEE #57 method and the proposed Curved 


a formulation breakthrough in resin 
systems for POTTING AND 
ENCAPSULATING 
EFECLEONIC 
COMPONENTS. 


TELEPOXY SYSTEMS are highly superior Insulating 
Compounds, made possible through Narmco’s recon- 
dite research and advanced materials chemistry. 


TELEPOXY ASSURES reliable performance from potted, 
encapsulated or coated components and sub-assemblies 
—even when they are subjected to extreme operating 
conditions. 


A UNEXCELLED physical and electrical properties 


VARIETY OF DIMENSIONAL STABILITY —negligible shrinkage 
during cure 
TELEPOXY EXTREMELY LOW moisture absorption 
COMPOUNDS PROPER COEFFICIENTS OF THERMAL 
ARE AVAILABLE. EXPANSION — for maximum protection of 
delicate components 
EACH OFFERS: 


SIMPLICITY of application 


TYPICAL APPLICATIONS: Encapsulating toroidal trans- 
formers... discriminators ...antenna-matching trans- 
formers...capacitors...ferrite pot cores...r-f chokes 
...inductors...semi-conductors...magnetic and vacuum 
tube amplifiers. Write for literature describing a vari- 
ety of TELEPOXY formulations. 


NARMCO... for high-performance materials. 


Formulators of: Structural and Industrial Adhesives...Reinforced 
Plastic Laminating Materials...Ablative and Molding Compounds 
... Insulating Compounds. 


NARMCO MATERIALS 


TELECOMPUTING 
CORPORATION 


600 Victoria Street, Costa Mesa, Calif. * Llberty 8-1144 * MAdison 6-7923 
'o SERVES THE NATION AND INDUSTRY WITH SYSTEMS AND SUB- 


Subsidiary 


SYSTEMS FOR CONTROLS, GUIDANCE, ELECTRONICS, TELEMETRY, 
DATA ANALYSIS, AND THEIR INTEGRAL COMPONENTS 
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Armature Twines, Wedges 

Bi-Seal Tapes . 

Coil Winding Machines — 

Cotton Tapes and Webbings 

Cotton Sleevings 

Commutators 

Cuffed Insulating Papers 

Extruded Plastic Tubings 

Fiberglas Tapes, Cords and 
Sleevings 

Friction and Rubber Tapes 

Insulating Varnishes and 
Compounds 

Low-Pressure Laminates 

Magnet Wire 

Mica—Built-up and Raw 

Motor Enamels 

Pressure Sensitive Tapes 

Safe-T-Seal : 

Silicone Rubber Extruded Tubings 

Silicone Rubber Coated Fiberglas 
Tubing 

Silicone Wedges 

Teflon Tapes and Tubings 

Undercutting Machines and Saws 

Varnished Sleevings and 
Tubings—Cotton, Fiberglas and 
Rayon 

Varnished Cambric, Paper and 


centrally 
located 


apes 

Vinyl Fiberglas Tubings and 
Sleevings 

Vinyl Tape 

Wire Brushes 

Wire Markers 


See us at Booths No. 82-89, 
A.E.I. Show, Dee. 5-6-7 & 8, 1960 


J. J. Glenn and Company 
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ELECTRICAL INSULATING PAPER 


® Dielectric strength — 300 volts * Density: 1.30 — 1.35 
Thickness from .004” to .030” 


° 
® Tensile strength —13—16,000  °®* 100% rag stock paper 
Ibs./Sq. In. ° 


per mil 


No sizing or fillers used. 


“Glazed roll’ finish — others available. 
Can be combined with other materials. 
Available in rolls, sheets or coils. 


High Performance Electrical Insulators 
COPACO — Highest grade 100% rag insulation paper 
COPAREX — Economical grade 100% rag insulation paper 


COPALAM — Class B asbestos — glass laminate insulation 
material 


Write for free samples, literature and name of 
nearest Cottrell representative. 


COTTRELL (001 Company, Inc 


eee 10 Purchase St. Fall River, Mass. 
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Electrode method for evaluating wire enamels and insulating 
varnishes. 

Overload Resistance of Film Insulated Magnet Wire, R. V. Carmer 
and E. W. Daszewski, Essex Wire Co. Test procedures for deter- 
mining the overload characteristics of film insulated magnet wires 
are described. By resistance heating or oven aging, the test speci- 
mens are subjected to temperatures of 240-350°C for short periods 
of time. Measurements include dielectric strength and the time 
required for the insulation to change color, smoke, and flow. Also 
discussed are the effects of film bake and build, wire stretch, and 
varnish treatment. Results are compared with locked rotor tests 
on actual units. 

The Evaluation of Thermal Endurance of Rigid Electrical Insula- 
tion, Kenneth Wechsler, Westinghouse Electric Corp. This paper 
reviews published data, presents new thermal evaluation data, and 
discusses a proposed AIEE test procedure for the thermal evalua- 
tion of rigid electrical insulating materials. 


Tuesday, Dec. 6, Trade Show Exhibits 

12-6 pm, main exhibition hall, lower lobby. 

Tuesday, AIEE No. 511 Working Group Meeting 

2 pm, private dining room No. 3, 3rd floor. 

Tuesday Evening, Banquet and Award Presentation 


6 pm, Unity of Action Reception and Banquet, and Golden Omega 
Award Presentation, Normandy Lounge and Grand Ballroom, 2nd 
floor. See details on another page. 


Wednesday, Dec. 7 

Registration 

8 am-noon, 2nd floor. 

Ticket Sales 

8 am-6 pm, 3rd floor. 
Wednesday, Dec. 7, Plant Tours 


8:30 am, Allis-Chalmers Mfg. Co., Wisconsin, manufacture of 
electric generation and distribution equipment, $6.00. 

1:00 pm, Motorola Inc., production of television, radio, and com- 
munication systems, $3.00. 


Wednesday Morning, Dec. 7, Technical Sessions 
7:30, speakers’ breakfast, private dining room No. 1, 3rd floor. 


9-12, Session 4A, Repair and Maintenance of Rotating Equipment, 
Waldorf room, 3rd floor. D. E. Stafford, National Electric Coil Co., 
session director. C. J. Herman, General Electric Co., session manager. 
Servicing of Rotating Equipment, D. E. Stafford, National Electric 
Coil Co. To accomplish economical maintenance and repair ex- 
tensive specialized techniques and shop facilities are required. 
These facilities include adequate test and inspection devices, 
trained personnel, cleaning facilities, machine tool facilities, facili- 
ties for manufacturing and installing electrical windings, and 
adequate impregnation and winding treatment facilities. 
Maintenance Testing of Rotating Machinery Insulation, J. C. Botts 
and J. S. Johnson, Westinghouse Electric Corp. This paper deals 
with the value of a well planned maintenance program on large 
rotating apparatus in discerning the types of troubles, contami- 
nants, and degrading influences encountered in service. Discussed 
are the fundamental principles behind such a program, the actual 
tests and procedures used for the various insulation components, 
and the interpretation of such results. 

Use and Application of Insulation in Modern Electrical Repair and 
Service of Rotating Machinery, J. M. Jenkins and J. B. Parker, 
Reliance Engineering and Mfg. Co. This paper deals with the 
fundamentals of selecting an inventory of wire, insulation, and 
impregnants for use in the repair of integral horsepower electrical 
rotating machinery. This inventory provides the basis from which 
the repair shop is able to service a multiplicity of equipment. 
Magnet Wire for Rewinding Industrial Motors and Generators, 
R. P. Clark, Phelps Dodge Copper Products Corp. The general 
shop difficulties encountered with previously available polyester 
insulations, due to poor windability, heat shock, solvent shock, and 
cut-thru resistance under heat and pressure are discussed along 
with the improvements in properties which make practical the use 


of a new wire in place of most of the conventional film wires. 
Maintenance and Maintenance Testing of Electrical Equipment 
K. J. Doll, General Electric Co. The insulation systems in motors 
and generators are the most critical components which influence 
reliability. Other factors, aside from electric tests, have to be used 
and evaluated to come as close as possible to the assurance of 
motor and generator reliability, 


9-12, Session 4B, Guideposts in the Application of Electrical Insula- 
tion, Williford room, 3rd floor. G. L. Moses, Westinghouse Electric 
Corp., session director. E. J. Phelan, Prehler Electrical Insulation Co., 
session manager. 

The Purpose of Electrical Insulation, G. L. Moses, Westinghouse 
Electric Corp. This paper presents a brief review of what insula- 
tion is and how it insulates. The primary function of insulation 
is described and the important characteristics are discussed. Mod- 
ern concepts of insulation temperature classification and the gen- 
eral concepts for insulation selection and application are reviewed. 
Electrical Insulating Materials, G. C. Gainer, Westinghouse Elec- 
tric Corp. Electrical insulating materials are defined and some- 
what arbitrarily classified according to the mechanics of their 
intended end-use. A brief discussion is presented concerning the 
chemical and physical requirements imposed on insulating mate- 
rials and the contributions of modern polymer chemistry. 

The Fundamentals of Insulating Transformers, M. L. Manning, 
Delta-Star Electric Div., H. K. Porter Co. This paper outlines 
briefly how insulation is coordinated into a system for dry-type and 
liquid-filled distribution and power transformers, a review of volt- 
age stresses found in service, and a summary of dielectric tests 
used to simulate these service conditions. 


The Fundamentals of Insulating Motors, Robert Kaplan, The Louis- 
Allis Co. This deals with the actual use of insulating materials in 
the motor and discusses the influence on the motor designer or 
insulation engineer of relatively recent management tools such as 
automation, data processing, value analysis, and standardization. 
It also deals with the manner in which the insulation manufacturer 
can help the designer get what he can use. 

The Fundamentals of Insulating Electronic Equipment, K. G. Lager- 
lof and F. B. Colby, Raytheon Co. The requirements for insulating 
military electronic equipment differ from those for commercial 
units in conditions such as miniaturization, high humidity and 
temperatures, vibration, and thermal shock. Due to size limita- 
tions, the higher temperature insulating materials are most com- 
monly used and methods of heat transfer are also an important 
design feature. 


9-12, Session 4C, Printed Wiring Assemblies, Beverly room, 3rd 
floor. O. D. Black, Radio Corp. of America, session director. Ray 
Brock, The Richardson Co., session manager. 


‘A Manufacturer Looks at Problems in Insulation Systems in 
Printed Wiring Assemblies, O. D. Black, Radio Corp. of America. 
Some of the problems encountered by a manufacturer of printed 
wiring assemblies are discussed with respect to production diffi- 
culties in the use of glass base epoxy laminates. These problems 
relate to machinability, heat resistance, soldering, repairability, 
encapsulation and other protective coatings, and environmental 
testing. 

The Importance of Fiber Glass Fabric Finishing and Finish Selec- 
tion, E. L. Lotz and Alice Eichenbaum, Hess, Goldsmith & Co. 
For many applications of woven fiber glass fabrics it has been 
found that the binder applied during the manufacture of the glass 
fiber is detrimental to the electrical and physical properties of 
glass plastic laminates. It is necessary to remove the binder and 
replace it with a finish that will act as a coupling link between 
the glass surface and the resin. The paper presents a series of 
tables showing the improvement of three major finishes with epoxy, 
melamine, and phenolic resin systems. 
Epoxy Resin-Fiber Glass Cloth Reinforced Electrical Laminates, 
Thomas E. Ronay, The Richardson Co. This paper deals with 
some of the variables which make the term “epoxy-glass laminates” 
increasingly more meaningless to the design engineer, especially 
when dealing with performance requirements not included in 
NEMA specifications for grades G-10 and G-11. 
Etched Circuit Board Re-Entrant Coatings for Solder Repairs, 
D. S. Preston, Hughes Aircraft Co., Communications Div. This 
paper presents the data and conclusions obtained from evaluating 
several new epoxy-polyamide and urethane coatings for etched 
circuit boards. These new coatings possess the desired properties 
of protection, component support, and are re-enterable for Tepair 
by application of solder irons which cause depolymerization or 
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“shrink-back.” 

Encapsulation of Printed Wiring Assemblies, J. W. Hawkins, 
Chemical and Metallurgical Div., General Electric Co. This paper 
defines an encapsulant, lists some of the materials that are now 
used and sources of information that will be helpful in selecting 
the right material or materials. Suggestions for screening the 
materials are given. The final portion of the paper describes pro- 
duction applications of RTV liquid silicone rubber. 


Wednesday, Dec. 7, Trade Show Exhibits 
12-6 pm, main exhibition hall, lower lobby. 
Wednesday, AIEE Luncheon 


12:15, Luncheon, sponsored by AIEE Electrical Insulation Com- 
mittee, open to all registrants, Boulevard room, 2nd floor. See 
details on another page. 


Wednesday, AIEE No. 510 Working Group Meeting 
2 pm, private dining room No. 3, 3rd floor. 
Wednesday Afternoon, Dec. 7, Technical Sessions 


2-5, Session 5A, Foreign Insulation Practices, Waldorf room, 3rd 
floor. G. L. Moses, Westinghouse Electric Corp., session director. 
Insulating Systems Used in Europe, Based on Mica Paper and 
Thermosetting Resins, Dr. Hans Moismann, The Swiss Insulating 
Works, Ltd., Switzerland. In order to meet increasing require- 
ments, manufacturers of heavy machinery have abandoned bar 
insulations formerly used, consisting of mica and thermoplastic 
resins. New types based on thermosetting resins are used instead. 
Insulation Systems in Large Generators in Sweden, C. A. Teng- 
strand and R. A. Andersson, ASEA, Sweden. The paper discusses 
the introduction of different synthetic resins in tape insulation and 
in micafolium to replace natural materials such as asphalt and 
shellac. Alternate backing materials and new types of mica mat are 
compared. 

Evaluation and Maintenance Testing of Generator Stator Insula- 


tion, Dr. Arnold Wichmann, Siemens-Schuckertwerke AG, West 
Germany. Evaluation of the insulation is made by testing mechan- 
ical properties, and electrical and thermal resistivity of the insu- 


lating material and the whole system. Loss factor measurements , 


versus voltage and a-c high voltage proof tests are used for check- 
ing manufacturing quality-of the insulation. Maintenance insula- 
tion testing involves the loss factor and d-c values on the winding. 
European Testing Practices and Methods, Karl Kiesewetter, Dr. 
Beck & Co., G.M.B.H., West Germany. Most European countries 
have committees drawing up general standards, specifications, and 
test methods for electrical insulating materials. Most testing is 
directed toward determining individual properties instead of evalu- 
ation of systems. Power factor, permittivity, dielectric loss, and 
life tests are being studied. Environments such as tropical condi- 
tions and exposure to refrigeration and oils are also receiving 
attention. 


2-5, Session 5B, Molecular Key to Electrical Insulation Properties, 
Williford room, 3rd floor. A. E. Javitz, Electro-Technology, session 
director. 

The Need to Know, N. M. Bashara, The University of Nebraska. 
Two primary factors dictate the need for a basic knowledge of 
molecular structure by the electrical engineer: (1) optional utili- 
zation of electrical insulation under a wide range of conditions in 
view of constraints other than electrical performance; and, (2) 


“the need for new materials to meet the requirements of new 


problems. 

The Molecular Blocks of Insulating Materials, Jack Swiss, West- 
inghouse Electric Corp. The general chemical natures of the 
building blocks or groups of atoms which make up gaseous, liquid, 
and solid insulating materials are outlined. Some relationships 
among insulators, conductors, and semi-conductors are mentioned. 
The methods by which low polymers react to form very large in- 
soluble and infusible molecules are described. The effect of chem- 
ical structure and geometry of polymer molecules on some mechan- 
ical properties are mentioned and typical structures for insulation 
materials are shown. 

The Relationship of Molecular Structure to Properties of Gaseous 
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and Liquid Dielectrics, H. B. Pfeiffer, General Electric Co. The 
relationship of the molecular structure to the electrical pone 
of liquids and gases is discussed for dielectric breakdown, di 
tric constant, dissipation factor, and d-c conductivity. 
The Relationship of Molecular Structure to Properties of Solid 
Dielectrics, Charles R. Vail, Duke University. When dielectric 
materials are considered as structured assemblages of molecules, 
their macroscopic properties can be ascribed to the interaction of 
such structures with three different types of waves: 
mechanical probability, electromagnetic, and (in the case of erystal 
lattices) elastic. The phenomena of polarization, magnetization, and 
conduction, which are of concern to electrical engineers, ean be 
described quite well qualitatively, and with some success quanti- 
tatively, in such terms. The dielectric breakdown strength of solids 
is now sufficiently well understood in terms of molecular structure 
so that, in certain cases, the synthesis of insulating materials for 
specific applications has been accomplished. 

Moiecular Consideration in Selection of Composite Insulating Ma- 
terials and Insulating Systems, A. J. Warner, Aerovox CGorpaalthis 
necessary not only to understand the fundamental behavior of 
insulating materials per se but to have some concept of the rela- 
tionships that exist when two or more insulating materials are 
used in a practical system, especially with other non-insulating 
materials. A discussion of such phenomena is given using practical 
examples. 


rties 
elec- 


quantum- 


2-5, Session 5C, Missiles and Guidance Systems, Beverly room, 3rd 
floor. Kenneth Mills, Martin Co., session director. M. L. Lewis, 
Permacel, session manager. 

Environmental Protection of Guidance Modules, Printed Circuits, 
and Connectors, Kenneth Mills, Martin Co. Military and scientific 
space flight makes vast demands upon the designers for reliability 
and miniaturization. Environmental problems encountered in this 
advanced electronic packaging include temperature variations, tor- 
rid to cryogenic, humidity, salt, contamination, chemical compati- 
bility, shock and vibration. This is an introduction to these prob- 
lems and some of the solutions. 

Component Design for High Temperature Environment, L. F. Kil- 
ham, Raytheon Co. The newer approaches to component design 
for high temperature environments are detailed. Techniques de- 
scribed are those which utilize fluorochemical dielectric coolants 
in the temperature range of 250°C max. At 600°C max, the “Con- 
tained Environment” approach is discussed in detail. 
Encapsulation of Electrical Components Using Heat Shrinkable, 
Pre-Molded Parts, P. M. Cook, V. L. Lanza, and J. S. Conde, Ray- 
clad Tubes, Inc. A series of pre-molded rubber and plastic shapes 
have been developed which, upon the application of heat, shrink 
and grasp tightly any parts contained therein. Using this technique, 
a reproducible encapsulation is obtained, offering positive environ- 
ment isolation and outstanding electrical insulation of even the 
most non-symmetrically shaped parts. The use of adhesives with 
this technique results in hermetic seals. 

Silicone Encapsulants for Electronic Applications, D. F. Christen- 
sen, Dow Corning Corp. The potted capacitor method of evaluating 
dielectric compounds has been used to evaluate a variety of ma- 
terials. An inexpensive yet versatile specimen is used with liquid, 
gel, elastomeric, and filled or unfilled resin embedding compounds. 
In this work, the following items were of primary concern: 1) 
Effect of temperature on electrical properties; 2) Effect of aging 
at high humidity and effect of aging at high temperature on 
electrical properties. 

Polyurethane Foams for Environmental Protection, Richard F. 
Newkirk, Nopco Chemical Co. Temperature variations, both high 
and low, humidity changes, shock, and vibration are some of the 
major problems that have evolved in regard to reliability for elec- 
tronic packages. The proper selection and correct application of 
polyurethane foams would solve many of these problems. Urethanes 
are the lightest functional materials on the market and lend them- 
selves to large production items. 


Wednesday, NEMA Insulation Progress Dinner 


6:30 pm, reception and dinner, sponsored by NEMA Insulating 
Materials Division, open to all registrants, Grand Ballroom, 2nd 
floor. See details on another page. 


Thursday, Dec. 8 
Ticket Sales 


9 am-noon, 2nd floor. 


Thursday Morning, Marketing Session 


9-12, Session 6, Insulation Marketing Tools for the Sixties, Grand 
Ballroom, 2nd floor. E. J. Phelan, Prehler Electrical Insulation Co., 
session director. See additional details on another page. 

Marketing Research Contributions and Opportunities in Insulation 
Markets, Charles P. Mills, Minnesota Mining & Mfg. Co. The 
nature of marketing research activities and the place and function 
of marketing research within the company organizational structure 
are described. Examples are presented of various facets of a mar- 
keting survey in order to understand useful techniques. In addi- 
tion, views are presented concerning means by which dealers, 
wholesalers, and small manufacturing concerns may take adyan- 
tage of opportunities for obtaining valuable marketing data. 

How to Introduce a New Product, A. L. Baldock, General Electric 
Co. New product introduction has become more costly and greater 
risks are involved. There are four basic steps to be taken to reduce 
these risks and effectively introduce new products: 1) Determine 
critical customer needs and develop materials to satisfy those 
needs. 2) Gather complete functional test data on the product. 
3) Test market the new product and the program for launching 
the product. 4) Launch the product with a well coordinated sales, 
promotional and adyertising program. 

How the Customer Should Treat the Salesman of Electrical Insu- 
lation, T. C. Keegan, Federal Insulation Co. This discussion deals 
with how the customer should handle the salesman, to the advan- 
tage of the customer, There are four basic suggestions: 1) Listen 
to the salesman. 2) Ask his help on technical problems. 3) Work 
with him on stock and delivery schedules. 4) Earn his confidence 
in you and your company. 

Skit— How to Sell Electrical Insulation, R. E. Joseph, Allis- 
Chalmers Mfg. Co., W. A. Carlstrom, Insulation Manufacturers 
Corp., R. W. Swenson, Minnesota Mining & Mfg. Co. 


Thursday, Marketing Luncheon and Award Presentation 


12-2 pm, Luncheon and marketing award presentation to Harry 
H. Chapman, Jr. Speech by Bill Gove. Boulevard room, 2nd floor. 
See details on another page. 
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NATIONAL 
CONFERENCE 
ON APPLICATION 
OF ELECTRICAL 
INSULATION 


The success of last year’s “Unity 
of Action” banquet has indeed been 
an inspiration to committee members 
who are planning to make this year’s 
dinner an event insulation men won't 
forget. This important affair will take 
place Tuesday evening, Dec. 6, at 
7:00 in the Grand Ballroom of the 
Conrad Hilton Hotel. It will follow a 
reception which will be held in the 
Normandy Lounge at 6:00. 

Highlights of the evening will be 
the presentation of the Golden Omega 
award to Dr. Mervin Kelly, an address 
by Walker Lee Cisler, entertainment 
by the Great Lakes Navy Band and 
Bluejacket Choir, and the fine toast- 
mastership of C. B. Burnett. The Rt. 
Rev. Charles L. Street, Suffragan 
Bishop of the Diocese of Chicago, 
will deliver the invocation. 

Many important guests will be at 
the head table—leaders of industry 
and business and important represent- 
atives of government, the military, 
and education. 


Entertainment 


Musical and vocal programs will be 
presented by the Naval Training 
Center Band and the Bluejacket Choir 
of Great Lakes, Ill. These two famous 
groups have worked up a program to 
please every musical taste. The band, 
directed by Chief Warrant Officer 
Brumbaugh, has made frequent ap- 
pearances in concerts, on radio and 


television, and at numerous dances 
and celebrations. It is the largest 
official Navy band in the Midwest and 


& 


Bishop Street 


Krone Orchestra 
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performs readily as a marching unit, 
concert orchestra, or dance band. The 
choir, which has a repertoire of more 
than 700 numbers, will sing a selec- 
tion of popular and religious songs. 


Golden Omega Award to Kelly 


One of the outstanding events of 
the evening will be the presentation of 
the Golden Omega award to Dr. 
Mervin J. Kelly “in recognition of his 
outstanding achievements and leader- 
ship in the electrical and electronic 
industries unceasing scientific 
and administrative contributions to 
technological progress, the defense of 
the country, and the promotion of 


world peace.” 


In March 1959, Dr. Mervin J. Kelly 


we Unity of Action Banquet to Be Sparked 
By Cisler, Burnett, Navy Band § Chow, 
And Golden Omega Award 


the Board of Directors of Bell Tele- 


phone Laboratories. 


One of the nation’s leaders in the 
field of industrial research, he began 
his Bell System career in 1918 as a. 


research physicist with Western Elec- 
tric Company’s engineering depart- 
ment. His early work was in the areas 
of thermionic emission, gaseous dis- 
charge phenomena, and electron dy- 
namics, and, later, in applications 07 
acoustics in telephony. He served as 
director of vacuum tube development 
and as development director of trans- 


retired after 41 years of outstanding | 
scientific and administrative service | 
with the Bell Telephone System, the 
last eight years of which were served 
as President and, later, Chairman of 


mission instruments and electronics 
before being named director of re- 
search in 1936. He became executive 
vice president of the Laboratories in 
1944, president in 1951, and chair- 
man of the board in January 1959. 
In 1948, Bell Laboratories announced 
the development of the transistor, 
marking the birth of the semi-conduc- 
tor industry. 

Beginning in 1938, Dr. Kelly was 
increasingly active in research and 
development for the military. In 
World War II, he directed more than 
1200 projects for the armed forces. 
For his services he was awarded the 
Presidential Certificate of Merit. 

The purpose of this award is to 


DE zon UP Kelly 


provide national recognition for out- 
standing achievements, efforts, and 
contributions to technological prog- 
ress. Unlike other scientific awards, 
the Golden Omega award is not 
limited to any particular scientific 
field. It is made on behalf of Ameri- 
ca’s men of science and industry and 
the users and producers of electrical 
insulation. It is sponsored by Insula- 
tion. Last year, the award was pre- 
sented to Vice Admiral 
Rickover, USN. 


Hyman 


Selection Committee 


Four leaders, representing industry, 


AIEE, and NEMA, made up the com- 


G: He Linder Clinton B. a, 


NUT SMGeD Onell RHR Oe oe 


mittee to select this year’s recipient. 
They are: Harold Boeschenstein, Pres- 
ident and Director of Owens-Corning 
Fiberglas Corp.; Clinton B. Burnett, 
President and Chief Executive Officer 
of Johns-Manville Corp.; Clarence H. 
Linder, President, American Institute 
of Electrical Engineers; and N. J. 
MacDonald, 30th President of the 
National Electrical Manufacturers As- 
sociation. 

Harold Boeschenstein has been an 
active and prominent figure in the 
glass industry for over 30 years. His 
emphasis on diligent research and 
aggressive selling has been a key fac- 
tor in the remarkable growth of 
Owens-Corning Fiberglas Corporation 
of which he has been president since 
its formation in 1938. He is a member 
of the Business Advisory Council of 
the U.S. Department of Commerce 
and a director of many leading Amer- 
ican corporations. 

Clinton B. Burnett has had more 
than 28 years experience in produc- 
tion, engineering, cost reduction, 
planning and administration at Johns- 
Manville Corporation. Since joining 
the company in 1931, he moved rap- 
idly upward, heading various J-M 
divisions throughout his career. More 
recently, he became Executive Vice 
President and a Director in 1957, and 
President in 1960, and on April 1, 
1960, he assumed additional responsi- 
bilities as Chief Executive Officer. 

Since joining the General Electric 


Company in 1924, Clarence Linder 
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has managed both engineering and 
manufacturing operations, ranging 
from heavy apparatus to consumer 
goods. In 1950, he was named Gen- 
eral Manager of the company’s activi- 
ties in the large appliance field. From 
1953 to 1959 he was Vice President 
(Engineering) and a member of 
G-E’s Executive Office. He assumed 
his present position early in 1960. He 
was named a director of AIEE in 
1956 and became its president this 
year. 

N. J. MacDonald has had a long 
and active career in the electrical 
industry, climaxed by his election as 
President of The Thomas & Betts 
Company and as NEMA’s 30th presi- 
dent. As Chairman of the Aircraft 
Electrical Council, he headed a pro- 
gram that combined the thinking of 
the aircraft and electrical industries 
for the first time. In both 1959 and 
1960 he was Chairman of the Industry 
Committee for the observance of Na- 


tional Electrical Week. 
Cisler to Address Banquet 


The principal speaker of the eve- 


ning will be a man who has spent 
his entire business career in the elec- 
tric power industry. Following his 
eraduation from Cornell University 
in 1922 with a Mechanical Engineer- 
ing degree, Walker Lee Cisler became 
associated with the Public Service 
Electric and Gas Company, advancing 
to the position of Assistant General 
Manager of the Electric Department. 

He left in 1943 to become Chief 
Engineer of Power Plants for The 
Detroit Edison Company. He was 
elected Executive Vice President in 
1948, a Director in 1951, and Presi- 
dent at the end of 1951. In 1954, the 
duties of the chairman of the board 
were incorporated with those of presi- 
dent. 

He has been actively engaged in 
atomic energy development since the 
end of World War II, having served 
as executive secretary of the AEC In- 
dustrial Advisory Group and as an 
advisor on the U.S. Delegation to 
the International Conference on the 
Peaceful Uses of Atomic Energy in 
Geneva. 

He has been decorated by seven 


Walker Lee Cisler 


European governments and by the 
United States for his contributions in 
their behalf both during and since the 
war. He holds seven honorary degrees 
from universities and colleges and 
has received many awards, including 
the George Westinghouse Gold Medal, 
the Henry Lawrence Gantt Award, the 
Washington Award, and the George 


W. Goethals Award. 
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FITS 


NM 


NIA TIONAL 
CONFERENCE 
ON APPLICATION 
OF ELECTRICAL 
INSULATION 


AIEE Lunch 


This year, the AIEE Luncheon will 
be held in the Boulevard Room of the 
Conrad Hilton Hotel on Wednesday, 
December 7, at 12:15 pm. The lunch- 
eon speech on foreign insulation prac- 
tices—which will kick-off that after- 
noon’s session featuring various Euro- 
pean speakers—promises to attract a 
very large audience. Tickets to the 
luncheon are $5.00 each and will be 
on sale at the third-floor ticket booth. 

European Technology and Trends 
in Insulation will be the title of the 
luncheon speech given by Dr. Rich- 
ard Vieweg of the Physikalisch- 
Technische Bundesanstalt, 
schweig, Germany. 

Starting with the impression of the 
electrical insulation industry which 
he had during his first visit to Chi- 
cago, 30 years ago, Dr. Vieweg will 
give a short scientific survey on the 
present situation in the different re- 
gions of voltages and currents. 

He will then go on to comment on 


Braun- 


‘the remarkable progress of synthetic 


macromolecular insulating materials 
and tell how they have been excelleni, 
highly specialized solutions to tech- 
nical problems. At the same time, he 
will discuss the extended service they 
have rendered to general technology. 

Dr. Vieweg will also tell how the 
European appreciates the open- 
minded readiness with which an 
American grants opportunities to ex- 
plore new materials. In Europe, per- 
haps precision and measuring tech- 
niques have some priority as far as 
evaluation of new materials is con- 
cerned. 

The viewpoints of both continents 
are of great importance within the 
standardization framework. The com- 
mon international development of 
standards becomes an actual task un- 
der the aspect of a growing techno- 
logical and industrialized globe. 
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retains its protective properties over a wide temperature 
range, from minus 70° to plus 400°F. Tough and abrasion- 
resistant, this supported silicone rubber sleeving resists de- 
terioration and “cut through”; will not crack or craze. Di- 
electric protection provided up to 8,000 volts and certified 
to meet government specification MIL-I-18057A. 


Available in brilliant, non-fading colors for instant, easy 
color-coding in a complete range of sizes from .010” to 3” 
ID, and obtainable in coils or on spools as well as in in- 
dividual 36” lengths. Deliveries made promptly off-the-shelf 
or produced on order within one week. 


Let Varflex engineers work with you in developing special 
types of sleeving and tubing to meet your particular speci- 
fications. No obligation. 


@ WRITE FOR FREE FOLDER Containing Test Samples i 


Makers of Electrical Insulating Tubing and Sleeving mg 


Vargler 


Never Satisfied Until You Are 


VARFLEX SALES CO., Inc. ¢ 320N. Jay St., Rome, N.Y. 
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WE 


NATIONAL 
CONFERENCE 
ON APPLICATION 
OF ELECTRICAL 
INSULATION 


All men concerned with marketing, 
distributing, specifying, and purchas- 
ing electrical insulation materials will 
again have a rare opportunity to get 
the latest, practical know-how on sub- 
jects directly related to their work at 
the Marketing Meeting, Thursday, 
December 8th. 

This meeting is a down-to-earth, 
shirtsleeve session that will inspire, 
amuse, and educate everyone con- 
cerned with the sale or specification 
of electrical insulation. It will begin 
at 9:00 in the Grand Ballroom of the 
Conrad Hilton Hotel and will be fol- 
lowed by a luncheon at which the 
Marketing Award Presentation will 
take place. Luncheon tickets at $5.00 
each will be on sale at the third-floor 
ticket booth for registrants who have 
not already obtained tickets. 

This year’s meeting and the lunch- 
eon promise to be informative and 
exciting and to attract a large at- 
tendance. So be sure to plan to attend. 


Baldock 


Gove Joseph 
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Carlstrom 


9:00 am—Marketers' Session, 
Grand Ballroom 


Marketing Research Contributions 
and Opportunities’ by Charles P. 
Mills, Marketing Dept., Electrical 
Products, Minnesota Mining and Mfg. 
Co., St. Paul, Minn. Here is a vital 
subject presented in such a manner 
that it will be useful to both big and 
small producers and_ distributors. 
Actual examples of surveys will be 
discussed, and useful techniques will 
be explained . . . by a man who has 
over 30 years sales experience in the 
electrical industry. 

How to Introduce a New Product by 
A. L. Baldock, Manager-Marketing, 
Insulating Materials Department, Gen- 
eral Electric Co., Schenectady, N.Y. 
The insulation field is becoming more 
and more complex with a constant 
succession of new products. How you 
can make sure your new product will 
stand out . . . what you can do to 


Chapman 


“Mills 


Insulation Marketing Tools 
For the Sixties _ 
Meeting and Luncheon 


test-market it in advance... and 
what sales and advertising efforts are 
needed to successfully launch it... 
are all explained by a salesman who — 
got his feet wet selling silicone in- 
sulation in its infancy. 
How the Customer Should Treat the 
Salesman of Electrical Insulation by 
T. C. Keegan, Jr., President, Federal 
Electrical Insulation Company, Chi- 
cago. Thousands of words have been 
spoken and printed on how customers 
should be treated. Finally, here comes 
a well-known authority with the cour- 
age to tell customers how they should 
treat salesmen .. . and in the process, 
both the customer and the salesman 
will learn how he can do a better job. 
Here’s an “eye-opener” by a man 
with some strong ideas on the subject. 
How NOT to Sell Electrical Insulation 
by the Merry Insulation Player 
Troupe and Marching and Chowder 
Society (R. E. Joseph, Purchasing 
Agent—Electrical Section, Industries 
Group, Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis.; W. A. Carlstrom, Mer- 
chandising Division, Insulation Man- 
ufacturers Corp., Chicago; and R. W. 
Swenson, Minnesota Mining and 
Mfg. Co., Bedford Park, Ill.). You'll 
enjoy the heartiest laughs of your life 
. and also learn something about 
the fine old-fashioned (and nearly 


forgotten) art of selling... as you 


Phelan fell 


Swenson 


see an honest-to-goodness purchasing 
agent and salesmen go through their 
paces. All culture-loving insulation 
men will acclaim their performance. 
Extra-added attraction: Sassafras 
Slopkiss, the sweet, pretty, and de- 
sirable-looking young secretary, will 
be the fourth member of this delight- 
ful cast. 


12:00 noon—Marketers' Luncheon, 
Boulevard Room 


Toastmaster —Edward J. Phelan, 
Chairman, Marketers’ Meeting. 
Marketing Award Presentation by 
E. J. Phelan to Harry H. Chapman, 
Jr., Manager, Transportation Prod- 
ucts Sales Div., Owens-Corning Fiber- 
glas Corp. 

Therell Never Be Another You, 
Luncheon Speech, by Bill Gove, na- 
tionally known sales consultant and 
guest lecturer. Bill Gove is a truly in- 
spirational speaker—one of those 
rare, gifted men who will have you 
laughing one minute and nearly in 
tears the next. The National Sales Ex- 
ecutives elected him “Salesman of the 
Year” in 1954. His talk will be a fit- 
ting climax to a session which you 
will long remember. 


E. I. Marketers’ Award 
presented to 
Harry H. Chapman, Jr. 


in recognition of his many 
outstanding contributions 
to foster and promote the 
advancement of modern 
marketing techniques in 
the field of electrical 


insulation. 


In appreciation of his 
demonstrated willingness 


to devote his time and talents 
toward the development and 
establishment of standards 
consistent with the high 
levels of attainment 
set as industry goals. 
And, in gratitude for his 
unselfish sharing of 
knowledge and experience 
to help in furthering 
the cause of our industry's 
advancement. 


DECEMBER 
5-8 


ENGEAND , 
Mica co. 


INCORPORATED 


Waltham 54, Massachusetts 


REPRESENTATIVES 


Earl B. Beach Company 
Pittsburgh, Penna. 
Philadelphia, Penna. 


Brooks Electrical Supply Co. 
Baltimore, Maryland 


L. Carkeek . 
Detroit, Michigan 


L. DeBlock 
Mexico City, Mexico 


Electrical Insulating Sales Co. 


Rutherford, New Jersey 


Electrolock, Inc. 
Cleveland, Ohio 
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J. J. Glenn & Company 
Chicago, III. 
Milwaukee, Wisc. 
Dayton, Ohio 
Hippler Sales Co. : 
Webster Groves, Missouri 
National Fibre Company of Canada, Ltd. 
Toronto, Ontario 
Montreal, Quebec 
D. A. Schultz 
Minneapolis, Minnesota 
Tri-State Supply Corporation 
Los Angeles, Calif. 
San Francisco, Calif. 
Seattle, Wash. 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up To 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC 
INSULATION 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC 
INSULATION 
SINGLE 
TEFLON 
OVERLAY 


DOUBLE 
TEFLON 
OVERLAY 


CERAMIC HEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time —depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


bcd 


SPRAGUE ELECTRIC COMPANY 


441 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* *«§ *«* -* * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SPRAGUE 


THE MARK OF RELIABILITY 
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NATIONAL 
CONFERENCE 
ON APPLICATION 


OF ELECTRICAL 
INSULATION 


NEMA 
Insulation 
Progress 
Dinner 


The role of insulating materials in 
today’s rapidly expanding Space Age 
will be the theme of the First Annual 
Insulation Progress Dinner, spon- 
sored by the National Electrical Man- 
ufacturers Association and held in 
conjunction with the Third Annual 
Conference on the Application of 
Electrical Insulation. 

The dinner is scheduled for 7:30 
pm, Wednesday, December 7, in the 
Grand Ballroom of the Conrad Hilton 
and will follow a reception which 
starts at 6:30. Exhibits describing the 
purposes and activities of NEMA will 
be on view in the room where the din- 


ner will be held. Eugene R. Perry, 
President of National Vulcanized 
Fibre Co., Wilmington, Del., will pre- 
side. 

Highlight of the evening will be a 
talk illustrated by color slides on the 
subject, The Applications of Electrical 
and Electronic Equipment in Missile 
Launching, given by Major M. E. 
Griffith, Chief of Test Operations for 
the U.S. Air Force Ballistic Missile 
Division, Cape Canaveral, Fla. 

Major Griffith will give some of the 
answers to the perplexing materials 
problems in the Space Age, as well 
as the latest, official information on 
the Nation’s progress in missiles. 
There will be an opportunity for ques- 
tions from the audience following his 
presentation. 

Tickets for dinner and cocktails are 
$10.00 each. Those who haven’t or- 
dered them may obtain tickets at the 
third-floor ticket booth. 


NM 


NATIONAL 
CONFERENCE 
ON APPLICATION 
OF ELECTRICAL 
INSULATION 


Many men (and many secretaries) have 
given unselfishly of their time and efforts 
to make this year’s Conference on the 
Application of Electrical Insulation a suc- 
cess. Because of space limitations, only 
most of those who worked in some official 
capacity can be listed. While the gratitude 
felt by others in the industry cannot be 
expressed to all who helped, all conference 
workers can feel deep satisfaction in know- 
ing that they have contributed to progress 
in electrical insulation. And to all those 
who deserve to be listed below but who 
were not... our sincere apologies. 


General Conference 


Chairman, W. G. Hoffer, Sales Manager, 
Electrical Insulations, Johns-Manvyille 
Sales Corp., New York. 

Vice Chairman—Commercial, Michael 
Nakonechny, Electrical Industry Sales, 
Dow Corning Corp., Englewood Cliffs, 
INEIE 

Vice Chairman—Technical, Roger B. 
White, President, The Glastic Corp., 
Cleveland. 

Assistant to the Chairman, Fred Huber, 
Jr., Staff Engineer, National Electrical 
Manufacturers Association, New York. 


‘Program 
Chairman, Thomas F. Hart, Product Man- 


ager—Fluids, Silicones Div., Union Car- 
bide Corp., New York. 


W. H. Bartlett AER eats 


AA 


Robert S. Bloor Arnold E. Bohn 


Assistant Chairman—Distribution Appara- 
tus, E. O. Hausmann, Vice President— 
Technical Director, Continental-Dia- 
mond Fibre Corp., Newark, Del. 

Assistant Chairman—Rotating Equipment, 
J. S. Hurley, Jr., Specialist, Electrical 
Insulation, Silicone Products Dept., Gen- 
eral Electric Co., Waterford, N.Y. 

Assistant Chairman—Electronics, Herbert 
C. Smith, Marketing Manager, Micarta 
Div., Westinghouse Electric Corp., 
Hampton, S.C. 


Commercial Exhibits 


Chairman, Arnold E. Bohn, Electrical In- 
dustry Sales, Dow Corning Corp., Engle- 
wood Cliffs, N.J. 

Assistant Chairman, W. F. Michener, Mar- 
keting Director, L. Frank Markel & Sons, 
Norristown, Pa. 

Assistant Chairman, VW. J. Dwyer, Execu- 
tive Vice President, Suflex Corp., Wood- 
side, N.Y. 

John D. Mayes, Sales, John C. Dolph Co., 
Monmouth Junction, N.J. 

A. N. Towne, Market Development Special- 
ist, Insulating Materials Dept., General 


Electric Co., Schenectady, N.Y. 


Technical Exhibits 


Chairman, Charles B. Leape, Engineering 
Manager, Micarta Div., Westinghouse 
Electric Corp., Hampton, S.C. 


Harry C. Burger  H. H. Chapman 


Men in the Insulation Conference 


Promotion and Publicity 


Chairman, Geoffrey F. Brown, Advertising 
Manager, Silicones Div., Union Carbide 
Corp., New York. 

Vice Chairman — Exhibitor Promotion, 
Robert S. Bloor, Account Supervisor, 
Advertising Dept., Dow Corning Corp., 
Midland, Mich. 

Vice Chairman—Publicity, Frank C. Oster- 
land, Supervisor of Sales Promotion, 
Motor & Generator Dept., Power Equip- 
ment Div., Allis-Chalmers Mfg. Co., Mil- 
waukee. 

Joseph J. McLoughlin, Manager, Sales 
Promotion, Taylor Fibre Co., Norris- 
town, Pa. 


Publications 


Chairman, VW. H. Bartlett, Manager, Elec- 
trical Products, Johns-Manville Sales 
Corp., New York. 


Assistant Chairman, R. W. Marien, Direc- 


els 
C. Christiansen 


ip. H. DaCosta 


fp Devic 


A. S. Gray 


G. F. Fratto 
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An Rove Hanna Thomas F. Hart R. W. Marien J. H. Martin 
lt s 
covered! 


Zippertubing 


Instant Covering for All 
Applications! 
Zippertubing, an economical on-the-job 
method of jacketing, is a flat tape, avail- 
able in a wide range of materials, that 
has a patented extruded plastic track 
electronically welded to both edges. The 
tape or jacket is wrapped around the 
object to be covered so that the tracks 
engage, then “zip” shut. If permanent 
closure is required, a special sealant is 
provided that fuses the tracks together. 


; IER: een LAO: Haasan | RA W. F. Michener 


GENERAL MILITARY TYPE - ~~ Al 
PURPOSE with overlap Type 74 W. G. Hoffer Fred Huber, Jr. C. W. Miller J. F. Miller 

i meets requirements of 
Standard without MIL-I-7444B. Type 63 
overlap. Generally | meets MIL-I-631-C. QPL 
conforms to MIL- | certificates of conform- 
1-631€. ance or test reports fur- 
nished on request. 


F 


SHIELDED 
ZIPPERTUBING® 

copper. These conductive 
metals are laminated to 
vinyl-impregnated Nylon or 
oe cloth, When stoned around wires, it provides 
immediate 100% coverage for grounding RF and 
UHF interference. 


THERMAZIP 

Protects cables or pipes 
from high temperature ex- 
posures. Type ALAS utilizes 
aluminized asbestos cloth. 
Type ALSR utilizes silicon 
rubber-impregnated glass cloth. 


@ 


ES: Hurley M. Nakonechny C. O. Newlin 


ZT 
PROTECHTORS® 
NEW! Protective plastic 
covers with plastic zipper 
closure for splices and 
break-outs. Installation time : 

is measured in minutes — not hours! Full range T. C. Keegan 
of sizes and colors. ie e 


|Die(Gr Osterland 


SPECIAL CONSULTATION 

At your request, our Field Engineer 

will call or you can mail your design 

concept to us for evaluation and quo- 
\ ] tation. All requests confidential. 


All Pat. or Pat. App. For Boots 63 


THE Zippertubing: Co. 


752 S. SAN PEDRO STREET 
LOS ANGELES 14, CALIFORNIA 
PHONE MA 4-6664 
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SAFE! SIMPLE! 
ACCURATE! 


BREAKDOWN 
TESTERS 


Complete line of units designed for test- 
ing in accordance with ASTM D-149 and Federal 
Spec. LP-406, Method 4031, used for determina- 
tion of dielectric strength and breakdown voltage 
safely, simply and accurately in the laboratory or 
on the production line. 


FEATURES 
Completely self-contained 
Automatic rate of voltage rise 
Plug-in test electrodes 


down 


Dual range units available ior maximum. ver- 
satility, up to six voltmeter ranges 


Retention of voltmeter AS after break- | 


In addition to the standard models noted below, 
special models incorporating higher output ratings 
and a number of metering systems including pri- 
mary metering, direct secondary metering, and 
digital output with recording can be provided. 


Single Range Dual Range Unit 


15 KV, 2 KVA 50 KV, 2 KVA 
15 KV, 5 KVA and 10 KV, 2 KVA 
50 KV’ 2 KVA and 5 KV, 2 KVA 
50 KV, 5 KVA 100 KV, 5 KVA 


100 KV, 5 KVA 


and 20 KV, 5 KVA 


ARC RESISTANCE 
TESTER 


Used for measuring the abil- 
ity of insulating material to 
withstand high-voltage low- 
current arcs. Supplied in 
conformance with ASTM 
D-495 and Federal Spec. LP- 
406 Method 4011.2. Simpli- 
fied operation includes auto- 
matic stepping and timing, 
and improved electrode 
holder. Operable by unskilled 
personnel. 


Complete catalog of Elec- 
trical Test Equipment 
available on request. 


Industrial 


iE Industrial 


Instruments:! Ingtrume nté inc. 


89 Commerce Road. Cedar Grove. Essex County. N. J. 


+ Booth 11 at the National Conference 
erecaike Application of Electrical Insulation 
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tor of Advertising and Public Relations, 
Sun Chemical Corp., New York. 


Banquet 


Chairman, Walter F. Hugger, General Sales 
Manager, Electro-Technical Products 
Div., Sun Chemical Corp., Nutley, N.J. 
Aenctant Chairman, H. H. Chapman, Jr., 
Manager, Transportation Sales, Owens- 
Corning Fiberglas Corp., Toledo, Ohio. 


Marketing Meeting and Luncheon 


Chairman, E. J. Phelan, General Manager, 
Prehler Electrical Insulation Co., Chi- 
cago. 

Assistant Chairman, 
Jr., President, 
Chicago. 

Robert McKeown, General Manager, Robert 
McKeown Co., Livingston, N.J. 


Thomas C. Keegan, 
Federal Insulation Co., 


T. W. Osborne, President, Andrew Gil- 
christ, Ltd., St. Laurent, Quebec, Can- 
ada. 

Treasurer 


Charles O. Newlin, Vice President, Conti- 
nental Illinois National Bank and Trust 
Co. of Chicago, 

Assistant to the Treasurer, Michael La- 
mont, Apparatus Insulation Sales Mana- 
ger, Owens-Corning Fiberglas Corp., New 


York. 


Local Tours 


Chairman, Donald W. Stewart, Chicago 
Branch Manager, National Vulcanized 
Fibre Co., Broadview, Ill. 


Assistant 
Sales, 


cago, 


Chairman, Melvin W. Snover, 
Hollingsworth & Vose Co., Chi- 


Local Arrangements 


Chairman, Lincoln R. Samelson, Publisher, 
Insulation, Insulation Directory/Encyclo- 
pedia, and Plastics Design & Processing, 
Lake Publishing Corporation, Liberty- 
ville, Il. 

Honorary Chairman, A. S. Gray, General 
Manager and Administrative Vice Presi- 
dent, The Macallen Co., Newmarket, 
N.H., and Insulation Manufacturers 
Corp., Chicago. 

Assistant Chairman, J. H. Martin, Execu- 
tive Vice President, Inmanco Manufac- 
turing Div., Insulation Manufacturers 
Corp., Chicago. 

Registration Chairman, A. J. Wiltjer, Mid- 
western Region Manager, Silicones Div., 
Union Carbide Corp., Chicago. 


Registration, John A. Bente, Regional 
Sales Manager, Micarta Div., Westing- 


house Electric Corp., Chicago. 
Registration, William Burns, Prehler Elec- 
trical Insulation Co., Chicago. 
Registration, Robert R. Hanna, Manager, 
Wire and Cable Sales, Owens-Corning 
Fiberglas Corp., New York. 
Registration, Curt Jones, Owens-Corning 
Fiberglas Corp., Chicago. 
Registration, F. Peter Mignin, Insulation, 
Lake Publishing Corp., Libertyville, II. 
Registration and NEMA Dinner Liaison, 
J. C. Richardson, Secretary and Adver- 
tising Manager, The Richardson Co., 


Melrose Park, Il. 


HIGH VOLTAGE 


SCHERING 
BRIDGE 


measure 
dissipation 
factor and 
capacitance 
of 
electrical 
insulating 
materials 


Schering Bridges are used 
to measure power factor and capaci- 
tance of electrical insulating materials 
while subjected to high voltage stress. 
From these measured values and the 
physical dimensions of the sample 
and test electrodes, dielectric constant, 
loss factor and other values may be 
calculated. Units are self-contained 
and easy to operate and service. Avail- 
able as a General Purpose Bridge and 
also as a Cable Test Bridge. 


High Accuracy . - 202 
tance accuracy and 2.0' 


DISSIPATION 
FACTOR and 


CAPACITANCE 
STANDARD 


External checking standard 
in Schering Bridge opera- 
tion. Usable up to 10KV. 
Consists of vacuum air ca- 
pacitor with guard ring with 
a nominal capacitance of 
100 pyf; 3 metal film re- 
sistors of nominal values of 
3.3K, 33K and 300K, which 
can be selectively switched 
in series with the vacuum 
capacitor. Capacitor can 
also be used without series 
resistance. 


Write for complete 
technical details... 


Industrial” 
ey 


Instruments: 


Industrial 
Instruments inc. 


89 Commerce Road, Cedar Grove. Essex County. N. J. 


See us at Booth 11 at the National Conference 


on the Application of Electrical Insulation 
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SPEAKING of COILS 


“Gentlemen, the heart of any relay is its 
coil. Your relays need nongassing coils 
with more ampere turns.” 


“TURBOPOWER* means more ampere 
turns. It eliminates critical adjustment 
at assembly.” 


“MINIATURIZATION is required today in 
relays. TURBOPOWER* is the answer.” 


“As a result of our advanced research 
program in new materials and techniques 
for the relay industry, we are stockpiling 
POLYTHERMAL and ML wire as it is avail- 
able. Write for our literature now,” 


TUR-BO JET PRODUCTS co., INC. 


424 SOUTH SAN GABRIEL BLVD. 
SAN GABRIEL, CALIFORNIA 
TELEPHONE: CUMBERLAND 3-5191 
WIRE: FAX TDAM 
SAN GABRIEL, CALIFORNIA 


* patents applied for 
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Registration, J. J. Secor, Jr., Manager, 
Electrical Insulation Sales, Johns-Man- 
ville Sales Corp., Toledo, Ohio. 

Registration, Robert F. White, Union Car- 
bide Corp., Chicago. 

NEMA Dinner Liaison, Harry C. Burger, 
Assistant to the Vice President and 
General Manager of Plasties* Div., The 
Richardson Co., Melrose Park, Hl. 

Banquet Ticket Sales Chairman, John E. 
Byrne, President, J. J. Glenn & Co., 
Chicago. 

AIEE Luncheon Liaison, J. P. Haughney, 
Supervising Chemist, Insulating Var- 
nishes, Sherwin-Williams Co., Chicago. 

Hotel Arrangements Chairman, George F. 
Fratto, Regional Sales Manager, The 
Glastic Corp., Chicago. 

Press Liaison, Peter McKinney, Manager 
—Chicago Office Public Relations Dept., 
Union Carbide Corp., Chicago. 

Press Liaison, Richard Morehart, Fensholt 
Advertising Agency, Inc., Chicago. 

Signs Chairman, Fred L. Thompson, Sales, 
Essex Wire Corp., Chicago. 

Exhibits Liaison, R. G. Tiffany, Electrical 
Industry Sales, Dow Corning Corp., Chi- 
cago. 


Board of Sponsors 


Chairman, E. R. Perry (NEMA), Presi- 
dent, National Vulcanized Fibre Co., 
Wilmington, Del. 

E. H. DaCosta (NEMA), Vice President, 
Taylor Fibre Co., Norristown, Pa. 

K. N. Mathes (AIEE), Insulation Systems 
Engineer, General -Electric Co., Schenec- 
tady. 

William F. Michener (NEMA), Market- 
ing Director, L. Frank Markel & Sons, 
Norristown, Pa. 

C. W. Miller (ATEE), Division Manager, 
Large Power Transformer Engineering, 
Westinghouse Electric Corp., Sharon, 
Par 

Clement S. Schifreen (AIEE), Cable and 
Insulation Research Engineer, Philadel- 
phia Electric Co., Philadelphia. 


Executive Committee 


Chairman, W. GC. Hoffer, Sales Manager, 
Electrical Insulations, Johns-Manville 
Sales Corp., New York. 

E. L. Brancato, Head, Insulation Section, 
Solid State Div., U. S. Naval Research 
Laboratory, Washington, D.C. 

H. H. Chapman, Jr., Manager, Transpor- 
tation Sales, Owens-Corning Fiberglas 
Corp., Toledo, Ohio. 

C. L. Christiansen, Vice President in 
Charge of Promotion, Golden Years Re- 
search and Development Center, Ridge 
Manor, Fla. 

W. F. Hugger, General Sales Manager, 
Electro-Technical Products Diy., Sun 
Chemical Corp., Nutley, N.J. 

Charles B. Leape, Engineering Manager, 
Micarta Div., Westinghouse Electric 
Corp., Hampton, S.C. 

K. N. Mathes, Insulation Systems Engi- 
neer, General Electric Co., Schenectady. 

J. R. Perkins, Electrical Consultant, Poly- 
chemicals Dept., E. I. du Pont de Ne- 
mours & Co., Inc., Wilmington, Del. 

Lincoln R. Samelson, President, Lake Pub- 
lishing Corporation, Libertyville, Il. 
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Incoming Officers 


General Conference Chairman, Roger B. 
White, President, The Glastic Corp., 
Cleveland. 

Vice Chairman—Commercial, Arnold E. 
Bohn, Electrical Industry Sales, Dow 
Corning Corp., Englewood Cliffs, N.J. 

Vice Chairman—Technical, E. L. Brancato, 
Head, Insulation Section, Solid State 
Div., U. S. Naval Research Laboratory, 
Washington, D.C. 

Executive Committee Member, Michael 
Nakonechny, Electrical Industry Sales, 
Dow Corning Corp., Englewood Cliffs, 
N.J. 

Executive Committee Member, Edward 
Burns Snyder, Vice President and Chief 
Engineer, Bentley-Harris Manufacturing 
Co., Conshohocken, Pa. 


AIEE Electrical Insulation 
Committee Officers, 1960-61 


Chairman, J. F. Dexter, Head, Electrical 
Development and Testing Section, Prod- 
uct Engineering Laboratories, Dow Corn- 
ing Corp., Midland, Mich. 

Vice Chairman, J. R. Perkins, Electrical 
Consultant, Polychemicals Dept., E. I. 
du Pont de Nemours & Co., Inc., Wil- 
mington, Del. 

Secretary, VW. W. Pendleton, Research En- 
gineer, Anaconda Wire & Cable Co., 
Muskegon, Mich. 


Sponsoring Body Representatives 


National Electrical Manufacturers Associa- 
tion, J. F. Miller, Managing Director, 
New York. 

American Institute of Electrical Engineers, 
R. S. Gardner, Assistant Secretary, Tech- 
nical Activities, New York. 


NEMA Insulating Materials Division 
Officers and Directors 


’ Chairman, E. R. Perry, President, National 


Vulcanized Fibre Co., Wilmington, Del. 

First Vice Chairman, D. J. O’Conor, Jr., 
President and General Manager, For- 
mica Corp., Cincinnati. 

Second Vice Chairman, R. L. Westbee, 
Vice President, Irvington Div., Minne- 
sota Mining and Manufacturing Co., St. 
Paul. 

W. H. Bentley, Jr., President, Bentley- 
Harris Manufacturing Co., Consho- 
hocken, Pa. 

E. H. DaCosta, Vice President, Taylor 
Fibre Co., Norristown, Pa. 

Roy J. Gavin, General Manager, Irvington 
Div., Minnesota Mining and Manufac- 
turing Co., St. Paul. 

E. O. Hausmann, Vice President—Techni- 
cal Director, Continental-Diamond Fibre 
Corp., Newark, Del. 

Sinclair H. Kerr, President, The Star Por- 
celain Co., Trenton, N.J. 

W. K. Lydic, Manager, Electrical and In- 
dustrial Textile Sales Div., Owens-Corn- 
ing Fiberglas Corp., New York. 

E. M. Markel, General Manager, L. Frank 
Markel & Sons, Norristown, Pa. 

Jay G. Somers, General Manager, Conso- 
weld Corp., Wisconsin Rapids, Wis. 

R. R. Titus, President, Synthane Corp., 
Oaks, Pa. 


Design with versatile, 
POLYPENCO* Teflon* TFE shapes 


Machined from ROD 


pesulaters ior high temperature hermetic feed- 
ru terminals, economically machined from 
POLYPENCO TEE fluorocarbon rod. Used 
in transformers, capacitors, relays, etc., ter- 
minals have outstanding electrical properties 
and are relatively unaffected by heat or moisture. 
(Photo courtesy, Lundey Associates) 


Stamped from STRIP 

TFE washer stamped from POLYPENCO 
TFE strip is spring clamped against idler wheel 
in record player. Low surface friction on con- 
tact permits easy turning of wheel. Resilience 
and non-adhesive characteristics were also 
important. 


(Photo courtesy, Glaser-Steers Corp.) 


TEFLON SHAPES AND SIZES 
AVAILABLE FROM NATIONWIDE 
STOCK LOCATIONS 


ROD 
Diameter: 14” to 7144” in various lengths 


TUBING 


OD. 4h" 10 12° 
LD. 4%” to 63%” depending on O.D. 


SHEET 


Thickness: 4.” to 2” 
Sizes: 12” x 12”, 24” x 24”, and 48” x 48” 


TAPE 
Thickness: .001” to .125” 
Widths: 14” to 24” 
Ten fade-proof colors 


SPAGHETTI TUBING 


AWG sizes 30 to 0. ; 
Thin and regular wall thicknesses 
Ten fade-proof colors for coding 


THIN WALL TUBING 
I.D. \%” to 1” 
Wall thickness: .030” to .050” 


ROUND AND SQUARE BEADING 


Round: Diam. .030” to .150” : 
Square: .020” to .156” across the sides 
Rectangular and Square Bars also available 


Cut from TAPE 


POLYPENCO TFE tape, operable at tempera- 
tures to 500°F., permits miniaturization of 
42,000 volt transformer, reducing weight from 
20 to 14 pounds. Heat resistance assists minia- 
turization since smaller transformers have 
higher temperature rises. 


(Photo courtesy, Goslin Electric & Mfg. Co.) 


Cut from TUBING 

TFE spaghetti tubing in telemetering equip- 
ment maintains exceptional insulating proper- 
ties at elevated temperatures, 100% relative 
humidity, and under constant vibration. Tub- 
ing is unaffected by soldering heats, and bend- 
ing and flexing during assembly. 


DESIGN AND ENGINEERING HELP 


Design and engineering assistance, or help on 
any industrial plastics problem is as near as 
your telephone—and yours without obligation. 
Take advantage of Polymer’s experience and 
plastics know-how by calling or writing today! 


*Du Pont TRADEMARK for 
fluorocarbon resins 


The Polymer Corporation 


of Pennsylvania 
Reading, Pa. 


POLYPENCO’ 
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wrronae Products and Services Featured 


CONFERENCE 
ON APPLICATION 
OF ELECTRICAL 
S$NSULATION 


All the exhibits at the Third Na- They will be open from noon to 9 bere 7; 


tional Conference on the Application pm on Monday, December 5; noon Tuesday afternoon has been desig- | 
of Electrical Insulation will be located to 6 pm on Tuesday, December 6; and nated Exhibitors’ Afternoon, and 
in the Conrad Hilton exhibition hall. noon to 6 pm on Wednesday, Decem- from noon to 6 pm the conference 
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Height of all 
booths: 8 feet 


CONRAD HILTON 
EXHIBITION HALL 
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will be 
exhibits. 


devoted exclusively to the 


Exhibit Locations 


The accompanying diagram and 
alphabetical listing of exhibitors are 
your guide to the location of each 
booth and the types of products or 
services which will be featured. In the 
listing, the booth number is given 
first in bold face type. 


10 American Institute of Electrical Engi- 
neers. 

94 American-Marietta Co., Seattle. EMC, 
a dry, single component epoxy compound 
for use in molding electronic components. 
It may be compression or transfer molded 


using conventional equipment. Molded 
parts reportedly have outstanding physical 
strength, chemical resistance, and electri- 
cal properties. 

102 American Society for Testing Mate- 
rials. 

22, 23, & 24 Anaconda Wire & Cable 
Co., New York City. New cement-coated 
epoxy magnet wire designed to provide 
self-supporting coils that retain their shape 
both cold and hot, even at 200°C. The 
epoxy coating can be activated by resist- 
ance or oven heating, or by solvent. 


- 128 Associated Research Inc., Chicago. 


High voltage a-c insulation materials tester 
in console type cabinet. It provides 
0-50,000 volts at 2 kva capacity for use 


in testing insulating materials to ASTM and 
Mil specifications. Unit is equipped with 
interlocked test cage, testing jig, and auto- 
matic rate-of-voltage rise, with additional 
manual control. 

65 Atlas Asbestos Co., North Wales, Pa. 
New glass-“Dacron” insulating tape for 
class H requirements combines glass econ- 
omy with Dacron’s superior penetrability, 
tensile strength, stretch, better abrasion 
resistance and ability to shrink with heat 


for a tighter wind. It is soft, fits contours 
well, and is easy to apply. 

19 Battelle Memorial Institute, Columbus, 
Ohio. Infantry field wire with improved 
flexibility and weather resistance, one of 
the many examples of ability to call on 
specialists in many fields to arrive at a 
satisfactory solution to a wide variety of 
industrial problems. 

28 & 29 Belden Manufacturing Co., Chi- 
cago. A new and simplified production 
method for making resistance measure- 
ments on ultra fine wire. Equipment of 
Belden design and explanatory literature 
will be available. 

73 Bentley-Harris Manufacturing Co., Con- 
shohocken, Pa. Two new acrylic resin- 
coated fiber glass sleevings, BH Acryl-A 
(grade B-A-1) and BH Acryl-C (grade 
B-C-1). The flexible sleevings reportedly 
offer a margin of safety well above that re- 
quired for class B insulation, and the 
acrylic resin coating, which is compatible 
with wire enamels and varnishes, will not 
hydrolize and will aot soften or flow when 
exposed to 232°C for 15 minutes. 

56 James G. Biddle Co., Philadelphia, Pa. 
Test equipment designed for measuring co- 
rona starting and extinction voltage, appar- 


BIDDLE 


Corona Test Set 


ent corona charge, and relative corona cur- 
rent. The set shown is rated 40 kv, 28 kva, 
for testing equipment with high terminal 
capacitance. 

51 Borden Chemical Co., New York City. 
Vinyl insulation products. 

88 George C. Borthig Co., Inc., Staten 
Island, N.Y. Electrical insulating varnishes. 
123 W. H. Brady Co., Milwaukee, Wisc. 
Identification markers. 

126 Carolina Narrow Fabrics Co., Winston- 
Salem, N.C. Insulating yarns and woven 
glass and cotton insulation tapes, webbings, 
and fabrics. 

131 Chicago Printed String Co., Chicago. 
“Res-i-glas” armature banding tape. 

44 Cincinnati Development & Manufactur- 
ing Co., Cincinnati. Glass reinforced poly- 
ester resin molded insulation products. 

15 Coast Manufacturing & Supply Co., 
Livermore, Calif. “Vec-O-Tex” non-woven 
cross reinforced fiber glass armature band- 
ing tape, said to have ultra high hoop and 
tensile strength and ultra high cross tensile 
strength. 

80 Columbia Tape Mills Inc., East Green- 
ville, Pa. Woven glass fiber insulating tapes. 
34 Continental-Diamond Fibre Corp., New- 
ark, Del. New punching grades of lami- 
nated plastics for use in electrical insula- 
tion and a broad line of the latest flexible 
insulation products. 

5 Dodge Fibers Corp., Hoosick Falls, NEN 
“Fluorglas” (“Teflon”-glass fabric) in both 
fabric and pressure-sensitive tape forms. 
Said to help meet current tendencies to- 


wards higher temperatures, miniaturiza- 


GLASS BANDING TAPE 


RES-I-GLAS 


PHOTO: Courtesy National ElectricCoil Division McGraw-EdisonCo, 
es FOR PROVEN, DEPENDABLE BANDS 
[[> SUPERIOR PERFORMANCE 


[> IN USE FOR FOUR YEARS IN MOST 
MAJOR SHOPS 


ie LOWER COST 


RES-!I-GLAS DISTRIBUTORS 


Advance Carbon & Electric Mfg. Co. 
2505 Mariposa St. 
San Francisco 10, Calif. 


Earl B. Beach Co. (and branches) 
Box 8623, Verona Road 
Pittsburgh 21, Pennsylvania 


Electrical Insulation Suppliers, Inc. 
500 Means St., N. W. 
Atlanta, Georgia 
The Huse-Liberty Mica Co. 
Peabody Industrial Center 
Lynnfield St., Peabody, Mass. 
Insulation Manufacturers Corp. 
(and branches—and authorized IMC 
representatives )565 W. Washington 
Blvd., Chicago 6, Illinois 
C. D. La Moree (aiid branches) 
2433 Birkdale St. 
Los Angeles 31, California 
Robert McKeown Co., Inc. 
99 Dorsa Ave. 
Livingston, New Jersey 
National Electrical Coil Co. 
(and branches) 
800 King Ave., Columbus, Ohio 
C. E. Riggs, Inc. 
422 N. W. 8th Ave., Portland, Ore. 
Southern Electric Co. 
5025 Columbia Ave., Hammond, Ind. 
Summers Electric Co., Inc. 
1502 S. Good-Latimer Expressway 
Dallas 10, Texas 
White Supply Co. 
4343-47 Duncan Ave. 
St. Louis 10, Missouri 


CANADA 
Andrew Gilchrist, Ltd. 
155 Decarie Blvd. 
St. Laurent, Quebec, Canada 
H. P. Ruggles Company, Ltd. 
88 Caroline St., N. 
Box 62, Hamilton, Ontario, Canada 


CHICAGO PRINTED GE, STRING COMPANY 
® 


INDUSTRIAL DIVISION 
2300 LOGAN BLVD., CHICAGO 47, ILLINOIS 
In Canada; Ribbon Fabrics, Inc., 
Riviere Des Prairies, Quebec 
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Use this... 


ATLAS :286s 
DACRON® TAPE 


GLASPUN 
or other COATINGS 


For EPOXIES 
GET THE ECONOMY OF GLASS 
+ THE ADVANTAGES OF DACRON 


®@ Better pass-through of varnish or 
coating 


® Smoother, easier wrap because it’s 
softer and has stretch 


® Tighter coil because Dacron shrinks 
with heat 


® High tensile strength and excep- 
tional abrasion resistance 


This tape will save you time 
and money because it can be 
applied faster and it will give 
a smooth finish—even on con- 
tours and bends. It often makes 
possible thinner sections or 
fewer laps. Try this outstand- 
ing tape on your present de- 
sign, production or rework 
problem. 


Write, wire or phone for more 
information and free bulletin 


Glass @ Asbestos ® Synthetic 


WOVEN TAPES, BRAIDED TUBING, 
WOVEN CLOTHS 


ASBES OS co. 


441 Walnut Street, North Wales, Pa. 
OXbow 9-4851 


See us at the Insulation Conference 
Booth 65, December 5-8 
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tion of electrical components, and higher 
dielectric requirements. 

52 John C. Dolph Co., Monmouth Junction, 
N.J. “Dolphon’” CB-1054 flexible epoxy 
resin designed for encapsulating and im- 
pregnating transformers, motors, and coils 
where maximum penetration and flexi- 
bility are desired. “Easy to apply” general 
purpose two-part resin meets MIL-T-27 for 
class B insulation. It is supplied at ex- 
tremely low viscosity, cures quickly at 
moderate temperatures, and has an ex- 
tended pot life of 4-6 weeks. 

59 & 60 Dow Corning Corp., Midland, 
Mich. “Silastic RTV” for the encapsulation 
of mush-wound motor end turns. Two 


methods of application will be featured: 
One for job lot shops involving the use of 
forms (photo), and a vacuum impregnation 
method for original equipment manufac. 
turers. 


40, 41, & 42 E. I. du Pont de Nemours & 


Company, Inc., Wilmington, Del. Electrica) 
insulating materials. 

133 Electrical Insulation Conference. 

4 Electronic Mechanics, Inc., Clifton, N.J. 
Mica and glass-mica products. 

66 Electro-Technology, New York City. 
54 Enjay Chemical Co., Elizabeth, N.J. 
“Buton” thermosetting hydrocarbon resins 
that have a dielectric constant of 2.5, dis- 
sipation factor of 0.002 at 10° cycles and 
25°C, and low moisture absorption. They 
are suggested for use as impregnants, pot- 
ting and embedding compounds, moldings, 
laminates, and surface coatings. 

57 & 58 Essex Wire Corp., Magnet Wire 
Division, Fort Wayne, Ind. Magnet wires 
with various insulations. 

70 Exeter Manufacturing Co., Exeter, N.H. 
Continuous bias cut, woven fiber glass de- 
veloped for use as electrical insulation will 
conform readily to irregular shapes in 
insulation winding. Special finishes are 
available for all applications from class A 
through class H insulations. 

35 Federal Insulation Co., Chicago. “Epox- 
imat” DM-70 and DM-100 combinations, a 


Navy approved class B ground insulaiem 
Rigid quality control, careful lab evalu- 
ation, and precise manufacturing specs 
are featured. 

129 Food Machinery and Chemical Corp., 
New York City. Compounds based on 
“Dapon” diallyl phthalate for molding and 
Dapon solutions for dip encapsulation. Ex- 
cellent retention of electrical properties 
under severe temperature and humidity 
conditions, extremely low post-mold shrink- 
age, and resistance to deterioration caused 
by chemicals, heat, moisture, fungus, etc., 
are claimed. 

135 Formica Corp., a subsidiary of Ameri- 
can Cyanamid Co., Cincinnati, Ohio. New 
flame-retardant grades of industrial lami- 
nated plastics for electronic and power- 
distribution applications. 

130 General Electric Co., Insulating Ma- 
terials Dept., Schenectady, N.Y. Electrical 
insulation products. 

124 General Electric Co., 
ucts Dept., Coshocton, 

laminates. 

36 & 37 General Electric Co., Silicone 
Products Dept., Waterford, N.Y. Silicone 
resin and rubber electrical insulating ma- 
terials. 

103 & 104 The Glastic Corp., Cleveland. 
Fiber glass filled polyester premixes for 


Laminated Prod- 


Ohio. Insulating 


molded insulating components in four basic 
types: flame retardant, non-tracking, high 
dielectric, and low-cost general purpose. 

82 & 89 J. J. Glenn & Co., Chicago 
Samples of insulation products made by 
many of the leading electrical insulation 
manufacturers represented by Glenn in 
Illinois, Indiana, Western Ohio, Michigan, 
Wisconsin, Minnesota, Iowa, Missouri, and 


Kentucky. 


27 Golden Years Research and Develop- 
ment Center, Ridgemanor, Fla. 

134 Gudebrod Brothers Silk Co., Inc., 
New York City. Lacing cords and tapes. 
97 Hays Manufacturing Co., Reinforced 
Plastics Division, Erie, Pa. Glass rein. 
forced polyester resin materials. 

98 Hess, Goldsmith & Co., Inc., Horace 
Linton Division, New York. Woven glass 
fiber insulation products. 

132 Hollingsworth & Vose Co., East Wal- 
pole, Mass. New high purity capacitor in- 
sulation paper with low chloride content 
available from .005” to .020”, extract con- 
ductivity range of less than 5 micromhos, a 
neutral pH, and high dry as well as high 
oil saturated dielectric strength. 

117 Hull Corp., Hatboro, Pa. Resin han- 
dling, metering, and dispensing equipment. 
67 & 68 Hysol Corp., Olean, N.Y. Epoxy 
insulation materials and systems. 

11 Industrial Instruments Inc., Cedar 
Grove, N.J. Model PS Schering bridge for 
accurate measurement of capacitance and 
power factor of electrical insulating ma- 
terials while under high voltage stress. 
From these measured values and knowing 
dimensions of the test electrodes and 
sample, it is possible to calculate dielectric 
constant and loss factor. 

96 Insulation Manufacturers Corp., In- 
manco Division, Chicago. A class F tem- 
perature wedge made from epoxy-glass 
laminate in curve-formed and_ square- 
formed wedge shapes. Wedges combine su- 
perior heat resistance, dielectric strength, 
toughness, and dimensional permanence. 
Wedges are made in two wall thicknesses, 
020” and .025”, in a range of standard 
sizes. 

90, 91, & 92 Johns-Manville Corp., New 
York City. R-430 “Quinorgo,” a heavily 
saturated silicone, flexible sheet in .010” 
nominal thickness for electrical insulating 
uses. Base sheet combines pure asbestos 
fiber and woven glass cloth. 

101 Jordan Manufacturing Co., Des Plaines, 
Ill. Extruded insulating tubings and 
sleevings. 

48 Lake Publishing Corporation, Liberty- 
ville, Ill. Publishers of Insulation, the only 
magazine in the world devoted exclusively 
to electrical and electronic insulation. 
Learn about the new Insulation Directory/ 
Encyclopedia. 

79 Lenni Products Inc., Lenni Mills, Pa. 
Class A, B, and F insulation for electrical 
apparatus: rolls, sheets, coils, cuffed coils, 
slot insulators, separators, and wedges. 
112 The Macallen Co. Inc., Newmarket, 
N.H. Variety of electrical/electronic insu- 
lations made of mica. 

81 L. Frank Markel & Sons, Norristown, 
Pa. “Flexlead” silicone rubber insulated 
lead wire, a high-temperature resistant 
material said to possess outstanding elec- 
trical and thermal characteristics. It is 
recommended for continuous operation to 


400°F and for short terms at 450°F. Flexi- 


VON Model C-1 100KV 5MA Portable 
D.C. Test Set 


VON basic unit of 100kv 5ma continuous 
output (.5kw), shown above, weighs less 
than 80 pounds. It can be carried as luggage 
or stored in an instrument cabinet. It can 
be used for intermittent work up to 100% 
overload. 


VON test sets were designed as unregulated, 
continuously variable, low ripple, fully 
instrumented D.C. equipment for utility 
and industrial testing applications. They are 
easy to operate. They are physically and 
electrically rugged. WON testers are free 
of X-RAYS. 


VON topping units of 50kv and 100 xv 
increments may be obtained with the basic 
unit or added later to extend the range to 
any desired voltage. 


VON _ ixw and 2kw testers also available. 


igh Voltage 
igh Power 


and still 


ERI: 
250000 YOLTS 


|) DARCER? | 
Pe, 150.080 ¥OLTS ; 


f DANCER! 
106.808 ¥OLTS 


VON (.5KW) D.C. Tester with 
topping units stacked to supply 
250 KV at 2MA continuous. 
Weighs less than 150 pounds. 
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Wee for the New 
“ITEN IDEA KIT’ 


* FREE ITEN-ITEMS—For testing and develop- 
ment. Iten Vulcanized Fibre, ‘Resiten’’ Lam- 
inated Plastics, Phenolic gear stock to 6” 
thick, “‘Itenite’’” Tubing, Glass Polyesters, 
Glass Melamine, Glass Silicone. Nylon 
(injection-molded). 


* PHOTO-DISPLAY—Showing scores of other 
Iten-Items in wide variety of applications— 
low-cost answers to tricky problems—re- 
placing costlier, less suitable materials. 


*& TECH-DATA—Specifications; physical, elec- 
trical, chemical characteristics of Iten Fibre 
and industrial plastic materials for apply- 
ing to your needs. 


Shows How Iten-Items 
Save You Money 
Yours FREE, Postpaid 


Low-cost, high-utility industrial plastic materials 
for your product design and development. 
Countless uses—tiny insulators to gear blanks; 
grommets to formed or molded parts; compo- 
nents—punched, machined, fabricated; sheets, 
plates, rods, tubes, all sizes, quantities. Range 
of applications as broad as industry itself. Po- 
tential practically unlimited. Send for your 
FREE “ITEN-IDEA KIT” today. 


Your Best Source for Complete In- 
dustrial Plastic Processing, Manu- 


facturing and Supply in the Heart 
of Industry. 


The ITEN FIBRE Co. 


210 Iten Ave. Ashtabula, Ohio 
Telephone: WYman 7-6134 


NORTH: 
3645 N. Elston Ave., Chicago 18, Ill. @ Tel: CO 7-1272 
SOUTH: 
2207 Butler St., Daflas, Tex. e Tel: LA-7846 


EAST: 
175 Fifth Ave., New York 10, N. Y. @ Tel: GR 7-4226 
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bility, excellent corona resistance, and high 
resistance to sunlight, weather, and fungi 
are also reported. 

55 Mesa Plastics Co., Los Angeles. Diallyl 
phthalate insulation products. 

125 Milam Electric Mfg. Co., Providence, 
RI. Resin developments which improve the 
bond strength and the shelf life of “Mila- 
mat” class B “Dacron” mat (epoxy bonded 


and coated)- “Mylar” DM-70 and DM-100 
material. Photo shows-a stator with the 
DM-70 as slot liners and phase insulation. 
71 & 72 Minnesota Mining and Manufac- 
turing Co., St. Paul, Minn. Spray applica- 
tion demonstration of “Scotchcast” brand 
electrical resin No. XR-5026, a one-part 
powdered epoxy. XR-5026 can be spray- 


coated on motors, stators, rotors, bus bars, 
transformer cans, computer racks and simi- 
lar items, providing high cut-through re- 
sistance, edge-coating ability to 60-70% of 
flat surface and a class F (155°C) con- 
tinuous operating temperature. 

95 Moxness Products Inc., Racine, Wis. 
Triangular, self-adhering “Mox-Tape”’ sili- 
cone rubber insulation and new rein- 
forced self-adhering tape will be featured. 
A demonstration of tapes with a taping 
machine will also be included. 

20 & 21 Mycalex Corp. of America, Clifton, 
N.J. “Synthamica” 202 synthetic mica paper 
with a melting temperature of 1365°C and 
an operating temperature up to 1000°C 
for use in high temperature transformers, 
motors, and capacitors. 

9 National Electrical Manufacturers Asso- 
ciation. 

122 National Industrial Service Associ- 
ation. 

38 & 39 National Vulcanized Fibre Co., 
Wilmington, Del. ‘“Phenolite” grade 


XXXPC-476, a paper-base phenolic lami- 
nate which provides flame retardance with 
excellent cold punching characteristics, 
reportedly at nearly half the cost of epoxy- 
paper laminates. Foil copper-clad laminate 
also available. 

86 New England Mica Co., Inc., Waltham, 
Mass. Manufactured mica products. 

46 & 47 Owens-Corning Fiberglas Corp., 
New York City. Glass fiber and glass flake 
electrical insulation products. 

113. Pennsylvania Fluorocarbon Co. Inc., 
Philadelphia. Expanded “Teflon” tubing 
that shrinks upon application of heat to 
form a tight fit around irregular shapes 
and electrical components will be demon- 
strated. Tubing retains the outstanding 
electrical, mechanical and chemical prop- 
erties of Teflon and is available in all 
popular sizes. 

99 Permacel, New Brunswick, N.J. “Per- 
macel” EE-6100 high-temperature reflec- 
live tape made of a lamination of aluminum 
foil and glass cloth with a  pressure- 


sensitive silicone adhesive has high tensile 
strength and good abrasion resistance. It is 
used on missile and rocket launching site 
cables. 

78 Permali Inc., Mount Pleasant, Pa. Cus- 
tom cast epoxy parts demonstrating the 


versatility of cast epoxy in electrical 
equipment design. Samples will include 
bushings and _ stand-off insulators with 
molded-in conductors. 

1, 2, & 3 Phelps Dodge Copper Products, 
Corp., Fort Wayne, Ind. Multipurpose 
“Poly-Thermaleze” class A, B and F film 
magnet wire reportedly combines the out- 


ALEZE” 


y 
boiling xylene 
90 minced 1400 


standing properties of six or more con- 
ventional film wires. It is said to not sac- 
rifice one property for another—it is 
completely balanced in all. 

105 Pittsburgh Plate Glass Co., Fiber Glass 
Division, Pittsburgh. Glass fiber insulation 
products. 

69 Polygon Plastic Co., Walkerton, Ind. 
Glass reinforced polyester resin rod stock. 
7 H. K. Porter Co., Trenton, N.J. Insulating 
tapes. 

118 Rayclad Tubes Inc., Redwood City, 
Calif. New harness construction system 
based upon a complete range of preformed 
slip-on neoprene and silicone rubber com- 
ponents (boots, transitions, and sleeving) 
which shrink upon the application of heat 
at only 250°F. The resulting harness pro- 
vides complete environmental isolation and 
insulation, light weight, convenient repair- 


ability, speed and reliability in fabrication, 
and low cost. 

109 The Richardson Co., Melrose Park, Ill. 
“Insurok” T-777, a paper based phenolic 
laminate rated self-extinguishing with zero 
inches burning distance and meeting all 
NEMA XXXP requirements. Available in 
all standard sheet sizes, it is a hot punch 
grade with excellent dimensional stability. 
74 & 75 Riegel Paper Corp., New York 
City, Specialty electrical papers and boards 
for various insulation applications in trans- 
formers, cables, and motors. 

119 Rohde & Schwarz Sales Co., Inc., 
Passaic, N.J. Equipment. 

17 Rome Cable Corp, Rome, N.Y. Wires 
and cables. 

108 Rostone Corp., Lafayette, Ind. Glass 
and alumina filled polyester bonded 
“Rosite” 3250 in molded form, A track 


free, dimensionally stable, flame resistant, 
high impact compound for applications in 
transformers, switchgear, contactors, elec- 
tronic air cleaning devices, bus systems, 
and the like. 

115 The Russell Manufacturing Co., Mid- 
dletown, Conn. “Rusco” glass insulating 
tapes woven of continuous filament yarns 
and widely used in the manufacture and 


repair of electrical equipment. High tensile 


strength, dimensional stability, thinner 
construction, and resistance to deterioration 
are features. 

116 St. Regis Paper Co., New York City. 
Laminated plastics. 

120 Society of Plastics Engineers. 

106 & 107 Spaulding Fibre Co. Inc., Tona- 
wanda, N.Y. “Spauldite” grade XXXP-770, 
a new laminate combining extremely clean 
punching at room temperature with fire 
resistance is available in sheets or fabri- 


PRESSURE 
SENSITIVE TAPES! 


LEV-AIR-MATIC 
000 


You can now slit pressure sensitive tape from your master roll 
without any rewinding — without any bleeding of adhesive — 
and without the use of any lubrication! And you can do it 
automatically — on the LEVeAIReMATIC 500 —the dramatic, 
new development in slitting. 


LEVER MANUFACTURING CO., INC. 
120 West 31st Street, New York 1, N.Y. CHickering 4-0140 


VALUABLE INFORMATION: Mailing the coupon below will get you 
complete facts on this amazing, new machine. 


SS SS Se ee ee ee 


[ LEVER MANUFACTURING CO., INC., 120 West 31st Street, New York 1, N.Y. 
| NAME TITLE 
| Ti ae ee | 
! STREET ! 
CITY. STATE | 
[a LS ee eee 
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cated parts. Its electrical properties are 
excellent. 

127 The Sterling Varnish Co., Sewickley, 
Pa. U-372 “Thermo-F” varnish compatible 
with all types of magnet wire, including 
the new multipurpose polyester magnet 
wires. Other features are high bond 
strength, excellent heat stability at ele- 
vated temperatures, superior electrical 
strength, and excellent moisture, chemical, 
and oil resistance. 

64 Stranco Products Inc., Chicago. Elec- 
trical insulating materials. 

111 Suflex Corp., Woodside, N.Y. “Pyro- 
dur” electrical sleeving designed to resist 
temperatures up to 2300°F in missile and 
electronics applications. Pyrodur is a new 
concept in high heat resistant sleeving and 
is made from ‘Fiberfrax” ceramic fiber 
yarn. 


83 & 84 Sun Chemical Corp., Electro- 
Technical Products Div., Paterson, N.J. 
“Acto-Glas” flexible epoxy/polyester im- 
pregnated woven glass tapes and cloths pos- 
sess good dielectric strength in semi-cured 
stage. They become rigid on curing and 
reportedly are suitable for 180° C. 


93 Synthane Corp., Oaks, Pa. Wide range 
of Jaminated plastics, including new high- 
temperature grades AA-HT (asbestos 
woven fabric), ARF-HT (asbestos mat 
plastic), and G3-HT (glass fabric plastic). 
76 & 77 Taylor Fibre Co., Norristown, Pa. 
“Dytronics” circuits made by die cutting 
the conductor pattern from metal foil 
coated on one side with a thermoresponsive 
adhesive and simultaneously bonding the 
circuit to the insulating base material 
under heat and pressure. They are mass- 


lions, 


produced for a wide variety of applica- 


32 & 33 Technical Tape Corp., New Ro- 
chelle, N.Y. High performance glass cloth 
tape (X6023) for applications requiring 


bility. The tape has a_ silicone-treated 


glassine liner. 
49 & 50 Union Carbide Corp., Silicones 


and rubber electrical insulation materials. 
45 Varflex Sales Co. Inc., Rome, N.Y. 


resin or silicone rubber as the impregnant 
in thinner wall constructions and long 
length coils. 


Pre-printed “Shur-Code” insulation sleev- 


O)cector pack wise 


AFTER 
APPLICATION OF HEAT 


a 4 BP 
1Q834A! 


BEFORE 


ing that is slipped over wires, cables, and 
harnesses for permanent identification. 
Available in a complete range of standard 
and special materials. 

61 & 62 Westinghouse Electric Corp.. 
Pittsburgh. Electrical insulating materials. 
26 J. B. Whitehead Award. 

63 The Zippertubing Co., Los Angeles. 
Zippered tubing for wire and cable har- 
nessing. 


Speed Tying — 
Operations! j 


WRAP 


%& Cheaper than String 
%& Faster than Tying 
%& Sure Grip 
* Colorful 


TO TIE! 


Cut your tying time in 
half! Hanscom-Ties are the 
fast, sure way to bundle 
wires, cords, coils, etc. 
Nothing to tie. Just wrap 
‘em around and twist. For 
temporary or semi-permanent 
holding. Available in cut lengths 
1" to 24’ and on spools — bright 
colors or printed. Prices from 26c 
per thousand. WRITE FOR SAMPLES 
and TRY ‘EM YOURSELF. 


H.F. Hanscom & Co., Inc. 
9 Virginia Avenue 
Providence 5, @. 1, U.S.A. 


Top view of Hanscom-Tie 
is shown. Bottom is flot 


“SS 


Hanscod- Ties’ 
WA 
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Newest Electrical Insulating Resins: 


MARBLETTE’S GLASS H 
EPOXY CASTING POWDERS 


Single-component, semi-flexible epoxy powders are 
the latest additions to Marblette’s “E” series of versatile 
resins to protect electrical and electronic apparatus from 
thermal and mechanical shock. Maraset resins 135E 
(unfilled) and 136E (filled) are low-exotherm materi- 
als with a wide range of advantages including: 


@ continuous Class H high-temperature operation 

@ readily liquefied for pouring or dipping 

@ chemical-resistant impregnating or encapsulating 

@ uniformity, high strength, toughness, smoothness 

@ cure without catalyst; negligible shrinkage 

@ meet federal transformer specifications (MIL-T-27 A) 


Write, wire, or phone today for working samples of 
resin 135E or 136E at $4 a quart—or free technical data 
and handy Maraset Electrical Resins Selector chart: 


Marblette 


37-25 Thirtieth St., Long Island City 1,N.Y. © STillwell 4-8100 
CHICAGO * DETROIT * LOS ANGELES * SEATTLE * WICHITA * TORONTO 
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maximum adhesion and/or extreme flexi- ff 


Division, New York City. Silicone resin‘ 


Class H insulating sleeving with silicone || 


87 Western Lithograph Co., Los Angeles. || 


Industry News 


Production of vinyl resins and 
compounds has begun at the new 
Long Beach, Cal., plant of B. F. Good. 
rich Chemical Co. 

Construction has begun on a new 
research, development, and manufac- 
turing facility in Newark, Del., for W. 


L. Gore & Associates Inc., manufac- 
turer of “Teflon” insulated wire and 
cable. 

Empire Flight Components Inc., 
Bellmore, L.I., N.Y., has been merged 
into Instrument Systems Corp., Col- 
lege Point, L.I., N.Y. EFC continues 
operations as a division of ISC. 

Synthane Corp., Oaks, Pa., has in- 
stalled complete facilities for fabricat- 
ing industrial laminated plastics in its 
plant in Glendale, Calif. 

AMP, Inc., Harrisburg, Pa., manu- 
facturer of electronic components and 
electrical terminations, has won a 
consent decree in a suit against Bur- 
mac Electronics Co. Inc., under which 
Burmac is ordered to return all AMP 
drawings, prints, specifications, and 
other physical properties it has in its 
possession. 

A new 400-ton capacity molding 
press for producing laminated sheets 


up to 4’ x 8’ is shown being installed 
at Hays Manufacturing Co., Erie, Pa. 
D & H Distributing Co., Harris- 


burg, Pa., is now a member of the 


national “Fabricator of Industrial 
Formica” organization of the Formica 
Corp., a subsidiary of American Cy- 


anamid Co., Cincinnati, Ohio. 

Giannini Scientific Corp., New 
York City, has completed its third 
acquisition this year, the latest being 
Micro-Balancing Inc., Garden City 
Park, Long Island, N. Y., manufac- 
turer of dynamic balancing machines 
and photocell control devices for 
lights, 

The H. R. Davies Sales and Engi- 
neering Co., New Orleans, has been 
appointed to represent the Despatch 
Oven Co., Minneapolis, manufacturer 
of industrial ovens, in the lower Mis- 
sissippi and Louisiana area. 

Minnesota Mining & Manufactur- 
ing Co., St. Paul, Minn., has reported 
sales of $403,146,898 for the first 
nine months, with net income of 
$50,134,365 equal to $.98 per share. 
This compares with sales of $363,- 
332,469, and income of $45,698,317, 
or $.89 per share, for the same period 
of 1959. 

Net income equal to $2.36 per 
share of common stock for the nine 
months ended Sept. 30 has been re- 
ported by Hercules Powder Co., 
Wilmington, Del. Earnings in the 
period were equal to $2.07 per share 
of common stock. 

Connecticut Hard Rubber Co., New 
Haven, Conn., manufacturer of sili- 
cone rubber parts, has formed an 
Electrical Products Dept., with an 
electrical marketing group directly 
servicing OEM users in the fields of 
rotating equipment and wire and 
cable. Also, silicone rubber electrical 
tape manufacturing facilities have 
been expanded. 

Temperature Engineering Corp. 
has begun construction on a 35,000 
sq ft plant in Riverton, N.J. When 
completed in January, it will almost 
triple the firm’s present facilities for 
manufacturing constant temperature 
processing equipment. 

The Keystone Electronics Co. Inc., 
Newark, N.J., manufacturer of crystal 
products, has purchased the Lawrence 
Manufacturing Corp., Belleville, N.J., 
manufacturer of ultrasonic cleaning 
equipment, and will operate it as a 
subsidiary. 


PREFORMS 
FOR 
PERFORMANCE 


Glass Laminated Preforms 
Silicone Epoxy Phenolic 

Polyester or Melamine 

Reduce Costs 
and 
Upgrade Quality 
Core Tubing 
Field Coil Insulators 


Potting Shells—Cases 
Stator End Caps 


STEVENS PRODUCTS INC. 


86-88 Main Street 
East Orange, N.J. 


Bobbins 


OR 2-2140 OR 2-4886 
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SERVING OUR CUSTOMERS 
WITH THE SPEED OF AIRCRAFT! 


Jordan's salesmen solve your 
sleeving and tubing problems 


as fast as they can with the 


speed of a Comanche. 


<Jjayco 


SLEEVING AND TUBING PRODUCTS 


JORDAN 
MANUFACTURING CO. 
1695 RIVER RD., DES PLAINES, ILL. 


BOOTH NO. 101 AT THE CONFERENCE 
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For further information on these 
products print the item number on the 
Reader Service Inquiry Card on the 
back cover. Fill out and mail the card 
—no postage is required. Insulation 
will immediately forward your in- 
quiry to the manufacturers concerned 
so that they can send you more infor- 
mation promptly. 


Resistor Composition for Use on 
Ceramic Dielectric Bases 


A new line of resistor compositions 
offer varied resistance values to pro- 
vide greater flexibility in miniatur- 
ized circuitry. The compositions are 
available in three resistance values 
(500; 3,500; 10,000 ohms/sq/mil 
thick film) which can be blended to 
obtain intermediate values. Applied 
to ceramic dielectric bases by ordi- 
nary dip, brush, or stencil screen 
techniques, the composition is then 
fired in a normal atmosphere to ob- 
tain a durable surface. Electrical 
properties of the resistors are repro- 
ducible and tests show that fired 
printed patterns and coated rods have 
abrasion and impact resistance simi- 
lar to fired silver coatings. Resistance 
values are said to exhibit excellent 
stability under varying conditions of 
humidity, temperature, overload, and 
voltage. Screen printing and dipping 
compositions are being sold initially 
in each of the three resistance values 
at $8 a Troy oz. E. I. du Pont de 
Nemours & Co., Ceramic Products 
Div., Wilmington 99, Del. 
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Continuous Service at 700°F For 
New Molded Silicone Parts 


A specially-compounded, mineral- 
filled silicone molding compound is 
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New Products 


said to provide parts with outstanding 
dimensional stability and thermal 
shock resistance over a temperature 
range of —67 to +700°F. Compound 
M-6-4156 molded parts reportedly 
demonstrate high arc resistance (over 
400 sec) and dissipation factors as 
low as 0.002 at 10° cps. Easily molded 
using conventional compression or 
transfer molding equipment and tech- 
niques, the properties of M-6-4156 
reportedly suggest its suitability for 
connector plugs, fuses and fuse hold- 
ers, contactors, coil forms, arc bar- 
riers, relay parts, tube sockets, tube 
bases, switch parts, terminal parts, 
and the replacement of ceramic parts. 
Complimentary evaluation sample and 
complete technical details may be ob- 
tained. New Products Dept., Dow 


Corning Corp., Midland, Mich. 
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Flexible Glass Flake/ 
Glass Cloth Composite 


Flexible composite FG-54 combines 
the physical properties of glass cloth 
and the properties of “Fiberglas” 
flake sheet. A network of overlapping 
glass flakes in the base sheet provides 
a continuous dielectric barrier. When 
subjected to high temperatures, FG-54 
reportedly demonstrates good thermal 
conductivity and dimensional sta- 
bility, and maintains excellent dielec- 
tric properties. Good impregnation 
characteristics, excellent cut-through 
resistance, and high moisture resist- 
ance are claimed. Owens-Corning 
Fiberglas Corp., 717 Fifth Ave., New 


York City. 
Print No. Ins. 103 on Reader Service Card 


Self-Extinguishing Phenolic 
Laminate for Printed Circuits 


A new phenolic laminate reportedly 
combines low cost with excellent self- 
extinguishing and electronic insulat- 
ing properties. The new material, 
‘Textolite” 11586, is described as 
having outstanding self-extinguishing 
properties: flame out in less than 5 
sec. High insulation resistance in 
humidity, high dielectric reliability, 
excellent impact resistance, and easy 


machinability are also claimed. The 
NEMA grade XXXP laminate is 
stated to be 33-40% lower in price 
than comparative epoxy paper base 
materials and to have been specifi- 
cally designed for electronic applica- 


tions subject to UL labeling. Avail-_ 
able in both standard and copper-— 


clad sheets for printed circuits for 


application in computers, television, — 
radio, and other electronic compo- | 
nents. The new laminate is also said | 


to punch cleanly at temperatures from 


80°F to 130°F without cracking or 


undercutting. It is translucent to | 


facilitate circuit registration. General 
Electric Co., Laminated Products 
Dept., Coshocton, Ohio. 
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High Density Polyethylene with 
Improved Processability 


A new type of high-density poly- 
ethylene combines improved dura- 
bility with processability. ““Ameripol”’ 
polyethylene reportedly has environ- 
mental stress cracking resistance 
(SCR) and temperature embrittle- 


ment resistance, while maintaining | 


the processing ease of conventional 
high-density polyethylene. These char- 
acteristics, combined with other high- 
density properties, are said to make 
it exceptionally suitable for insula- 
tion for wire and cable and for ex- 
truded pipe. Goodrich-Gulf Chemicals 
Inc., East Ohio Bldg., Cleveland 14, 
Ohio. 
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Epoxy Casting Powder for Protecting 
Electrical/Electronic Components 


“Maraset” epoxy casting powder 
#£135E is a single-component resin 
which is liquefied at 110°C, and then 
poured over the part to be protected 
in a mold which has been lubri- 
cated and preheated to 110°C. After 
a 12-hr oven cure at 125°C, the com- 
pletely hardened encapsulation is 
easily removed from the mold. The 
semi-flexible, unfilled epoxy composi- 
tion has sufficient clarity to show the 
embedded part. Meeting MIL-T-27A, 


resin 135E permits continuous opera- 


A Major 
Achievement 
in Magnet Wire 
‘Technology! 


NEW ESSEX ALLEX 


From the research laboratories of a world famous chemical 
company comes the resin.* From Essex comes the technical 
manufacturing skills. The result is Essex Allex...a 
potentially universal film-coated magnet wire rated at 220°C. 
The phenomenal thermal stability of Al/ex opens new frontiers 
in the application and usage of magnet wire. In addition to 
outstanding thermal stability, Allex possesses extraordinary 
cut-through resistance, excellent burn-out properties and 
superior resistance to chemicals and solvents. For complete 
information and technical reports on Allex, ask your Essex 
Wire Representative or write direct. 


Allex Magnet Wire will be featured at the Essex Booths 
No. 57 and No. 58, Third Insulation Application 
Conference, Chicago, December 5-8. 


SXF 


MAGNET WIRE DIVISION 
ESSEX WIRE CORPORATION, Fort Wayne, Indiana 


Manufacturing Plants; Anaheim, California; Fort Wayne, Indiana; Hillsdale, Michigan 
National Network of Warehouses and Sales Offices... Call Your Local '‘Essex Man.” 


*r I. duPont De Nemours & Co. — Type ML Resin 
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tion in the H temperature class. Ad- 
hering firmly to the encapsulated 


part, it is also said to impart high im- 
pact, tensile, and dielectric strengths, 
along with resistance to such environ- 
mental hazards as exposure to water 
and chemicals. Marblette Corp., 37-31 
Thirtieth St., Long Island Gity 1, N.Y. 
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Three New Sizes of U-Wedges Molded 
Of Glass Reinforced Polyester 


Three new sizes have been added 
to a line of U-shaped stator wedges 
for class B and H electric motors. 
The additions have widths of 5/16”, 


How Glaskyd Molding Compounds 
Help Sangamo Electric Produce a 


Better Watthour 


The Sangamo meter base calls for 
exacting specifications in a material 
that resists rough handling and the 
elements without undergoing dimen- 
sional change. 


Glaskyd—glass reinforced alkyd 
molding compounds—was chosen for 
its unique properties and production 
advantages. First, it possesses great 
strength and dimensional stability. 
Glaskyd has 2 to 10 times the impact 
strength of conventional thermo- 
setting molding compounds. It of- 
fers unusual resistance to arc-track- 
ing, heat and atmospheric extremes. 


Glaskyd also has an exceptionally 
long life and can be automatically 
molded to precision dimensions, no 
matter how intricate the design or 
part. 

If you are using other materials, 
GLASKYD molding compounds may 
help you to produce a better product 
at less cost. 


Base Plate 


A product of 
Sangamo 
Electric 
Company, 
one of the 
largest 
manufacturers 
of watthour 
meters. 


ONLY MOLDING COMPOUNDS IN CONTINUOUS ROPE FORM 


GLASKYD 
220 ECKEL ROAD .- 


Diameters of 4%” to 1% ’’. Accurate 
molding charges obtained by simply 
cutting to a fixed length. Larger 
diameters come in logs or precut pieces 
of the required weight. 


ECONOMICAL MOLDING OPERATION 


Glaskyd is readily molded by compres- 
sion, transfer and plunger methods. 
Fast cure and short cycles mean high 
production with few cavities. Rela- 
tively low pressure requirements re- 
duce mold and press costs. Flash easily 
removed by conventional methods. 


COLOR SELLS, CODES... Giaskyd stand- 
ard and special colors provide unique ad- 
vantages for the design engineer. 


Write for Descriptive Literature 


INCORPORATED 


PERRYSBURG, OHIO 
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AES 
3 NEW SIZES 


11/32”, and 8%”. They bring to 11 
the number of U-wedges available, in 
widths of 3/16” through 14” and 
standard lengths of 36”. Special one- 
molded construction of poly- 
woven fiber 
higher 

than 
wood or fibre wedges, and space-con- 


piece 
reinforced with 
to provide 

driving 


ester 
elass is said 
strength and_ easier 
serving design allows greater coil 
cross-section. Dielectric strength is 
3,000 minimum. Engineering data, 
prices, and samples are available. The 
Glastic Corp., 4321 Glenridge Rd., 
Cleveland 21, Ohio. 
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Liquid Epoxy for Impregnating 


A new, two-component, liquid 
epoxy insulation system is designed 
to produce void-free impregnation of 
fine wire, interleaved high voltage 
coils. It may also be used as the com- 
patible encapsulating casting material. 
Outstanding electrical properties, re- 
sistance to thermal and mechanical 
shock, and economical use are 
claimed. Bulletin E-309 available. 
Electrical Insulation Div., Hysol 


Corp., Olean, N.Y. 
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Wet Process Alumina Ceramic for 
Large and Complex Shapes 


Large and complex designs in alu- 
mina ceramic parts are now available 
up to 12” x 20” with depth in propor- 
tion in production runs. Pictured is 
one section on an electrical insulating 
support bracket. The “Diamonite” 
materials used contain up to 97% 
aluminum oxide and are said to be 
capable 


of withstanding repeated 


heating to over 1,000°C with air 


STEVENS FIBER GLASS FABRICS are your guarantee of dependability as base 
materials for varnish, Teflon® TFE Fluorocarbon and Silicone coated sheets and tapes 


and for reinforcement of electrical laminates. ay 
Stevens research facilities are constantly engaged in the development of improved Filer abs 


fiber glass fabrics and finishes for the electrical industry. These facilities are available ek 
to our customers for joint product development on a confidential basis. 


J 2 STEVENS & ae INC FINE FABRICS MADE IN AMERICA SINCE 1813 
. " "y » STEVENS BUILDING, BROADWAY AT 41st ST., NEW YORK 36, N. Y. 


Print Ins. 95 on Reader Service Card 


Insulation, December, 1960 1! 


quenching without loss of strength. 
High alumina ceramic boards for use 
as printed circuit bases are one of 
the promising applications. Diamonite 
is reported to be successfully with- 
standing a temperature of approxi- 
mately 6,000°C in a switching opera- 
tion with a switching interval of one 
microsecond. The material is claimed 
to be excellent for any usage where 
lowest dielectric loss, high heat resist- 
ance, and maximum resistance to en- 
vironmental factors such as corrosion. 
shock are 


Mfg. 


and mechanical 
needed. Diamonite Products 


Co., Shreve, Ohio. 
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Silicone Glass Laminate 
For Many Class H Uses 


A silicone-glass cloth laminate said 
to have excellent electrical properties, 
impact strength almost three times 
that of NEMA grade G-7 standards, 
and low moisture absorption is desig- 
nated as “Lamicoid” grade No. 
4053-3. It reportedly is suitable for a 
wide variety of class H equipment. 
The new heat-resistant laminate is 
claimed to withstand continuous ex- 
posure to 200°C (photo). Its arc re- 
sistance is 180 secs, and its low mois- 
ture absorption—typically 1/6 that of 
NEMA G-7 standards—makes it suit- 


able for use as an insulator under 


high humidity conditions. No. 4053-3 
meets NEMA G-7 and MIL-P-997B. 
Mica Insulator Div., Minnesota Min- 
ing and Manufacturing Co., Schenec- 


tady 1, N.Y. 
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Dielectric Coating Resists 2000°F 


A 500 vpm dielectric strength and 
high temperature thermal protection 
reportedly are provided by an in- 
sulation coating composed of both or- 
ganic and inorganic compounds. Ap- 
plied by conventional spray equip- 
ment to a thickness of 17-20 mils in 
one coat, and given graduated ther- 
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mal curing, the PT-209 material is 
said to have resisted 6000°F for 15 
seconds before carbonizing, and 
2000°F continuously with a butane 
flame. Thermal conductivity is re- 
corded at Kce-600°F—1.8, (BTU /hr/ 
ft?/°F/in) and Ke-900°F —2.2. 
Other properties claimed include ex- 
cellent adhesion, good flexibility. 
thermal shock resistance, and resist- 
ance to abrasion, oil, and water. Data 
sheets available. Product Techniques 
Inc., 511 East 87th Place, Los 
Angeles 3. 
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Low Viscosity RTV Silicone Rubber 
For Potting, Impregnating, Coating 


A new room temperature vulcaniz- 


ing silicone rubber, designated as 


RTV-11, is said to offer a lower vis- 
cosity than has ever before been 
available in any silicone rubber com- 
pound. The strong, resilient rubber is 
stated to possess excellent resistance 
to. temperature extremes, ozone, 
weathering, and aging. It contains no 
solvent and has a viscosity in the 120 
poise range. Easily pourable in and 
around irregularly shaped configura- 
tions, it is especially suited for pot- 
ting, encapsulating, and impregnat- 
ing of electrical and electronic com- 
ponents. One suggested application is 
use as a protective conformal coating 
over printed circuit boards. Silicone 
Products Dept., General Electric Co., 
Waterford, N.Y. 
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Glass-Asbestos-Silicone Paper with 
Dielectric Strength of 400 V/M 


Style #£7527 is a silicone impreg- 
nated combination of glass and a 


highly purified, long-fibered asbestos 
paper which has a fine, smooth, and — 
uniform texture. Available in .007” | 
and .010” gauges, the composite — 
weighs 56 lbs/100 sq yds in .010” 
gauge. The paper base sheet is a com- 
position of 85% asbestos and 15% 
glass fiber. Tensile per 1” of width is 
60 lbs lengthwise, and 30-40 Ibs 
crosswise, depending on the gauge. 
Average tear strength is over 1,000 
grams in either machine or cross- 
machine direction. Average dielectric 
strength is 400 v/m. Asbestos Textile 
Div., Raybestos-Manhattan Inc., Man- 
heim, Pa. 
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Light Weight Epoxy Embedding Resin 
With Good Heat Dissipation 


Good heat dissipating qualities are 
featured in a new light weight epoxy 
resin, ““Randac” system G-07, de- 
signed for embedding heat generating 
electronic assemblies used in mobile 
or aircraft equipment. The weight-sav- 
ing system reportedly displays good 
thermal conductivity for a low density 
product (1.5 x 10% cal/sec/cm?/ 
°C/cm). Because it is prefoamed, ap- 
plication conditions are not critical, 
with little exotherm when poured and 
set at room temperature. Complete 
specification, application, and price 
information available. Mitchell Rand 
Mfg. Corp., 51 Murray St., New 
York 7. 
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Clad Laminate with Improved Impact 
Resistance and Flexural Strength 


A new reinforced copper-clad plas- 
tic laminate, designated XXXP-36RE, 
is a paper-base grade said to have 
superior impact resistance and flex- 
ural strength. The material is supplied 
in 1/32” to 14” thicknesses, with 
semi-gloss finish. Typical properties 
reported are: Izod impact—LW, 2.50 
ft Ibs/in notch; CW 1.10 ft lbs/in 
notch. Flexural strength—LW, 24,000 
psi; CW, 17,000 psi. Formica Corp., 
Subsidiary of American Cyanamid 
Co., 4614 Spring Grove Ave., Cin- 
cinnati 32, Ohio. 
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Glass Reinforced Alkyd Compounds 
With Arc and Flame Resistance 


A.new line of glass reinforced alkyd 


Butyl rubber insulates modern bus duct systems. 


Butyl rubber insulates modern high-voltage transformers, 


best way to handle electricity 


Enjay Butyl tops all vulcanizable 
rubbers in electrical and dielectric 
properties ... in resistance to corona 
and ozone breakdown and water ab- 
sorption. Its high dielectric strength 
insures against electric breakdown 
under normal or surge voltage. Its 
heat resistance permits higher cur- 
rent flow for a given conductor size. 
Butyl also offers outstanding resist- 


ance to weathering and sunlight... 
chemicals ... abrasion, tear and flex- 
ing ... superior damping properties 
...unmatched impermeability to gases. 
Result? Butyl is ideal for wire and 
power cable, transformers, tapes, bus 
bars, and other insulation applications. 

Find out how this versatile rubber 
can improve your product. Contact the 
nearest Enjay office. Home Office: 15 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 
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West 51st Street, New York 19, 
N.Y. Other Offices: Akron« Boston 
Charlotte * Chicagos Houston« Los 
Angeles * New Orleans» Plainfield, 
N. J. * Southfield, Mich. «+ Tulsa 
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molding compounds for use in the 
electrical field reportedly has out- 
standing properties with respect to 
track-resistance, arc-suppression, and 
flame resistance. Glaskyd Incorpo- 


rated, Perrysburg, Ohio. 
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Flame and Heat-Resistant Coatings 
Bonded to Plastics 


Work in the missile, rocket, and re- 
lated fields reportedly has demon- 
strated that a group of flame and heat- 
resistant coatings can be bonded to 
and are compatible with sheets, tubes, 


and molded shapes of many grades 
of industrial and high temperature 
plastics. The intumescent (swelling or 
enlarging with heat) coatings which 


have been applied to plastics are now 
being used to protect electrical com- 
ponents during missile launchings. 
The coatings are put on by ordinary 


Hess Goldsmith Fiberglass Tapes serve 


your most precise requirements. Over 


150 varieties, in widths of 4" to 2”, 


In 


thicknesses from .003” to .025". All meet 
highest quality standards. All are in 

stock at IS distribution centers located 

in major cities from coast to coast, Burtingdn 


Horace Linton Division, Hess, Goldsmith & Co., Inc. 


Makers of Quality Fiberglass Tapes...including Hesgon e 
1400 Broadway, New York 18—A division of Burlington Industries 


E. 1. CONFERENCE 


¢ BOOTH No. 98 
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brush or spray techniques and are 
air-drying at room temperature. No 
heating is necessary to complete the , 
bonding process. Technical Service 
Dept... Continental-Diamond Fibre 
Corp., Newark 17, Del. 
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Electronic Components Molded 
And Extruded of "Teflon" FEP 


A wide variety of electronic com- 
ponents molded and extruded of Tef- 
lon FEP fluorocarbon resin can be 
produced in intricate shapes with sec- 
tions as thin as .020”-.030”. As with 
other Teflon resins, FEP reportedly 
is virtually immune to chemical at- 
tack, has excellent electrical insulat- 
ing properties, anti-stick and _ fric- 
tional characteristics, and will not 
absorb moisture. It has a continuous 
service range from —395°F to 
+400°F. Garlock Electronic Prod- 
ucts, Camden 1, N.J. 
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Epoxy Hermetic-Seal Bushings 


Designed for solder-in installation 
into hermetically sealed metal equip- 
ment enclosures, the 
M-1003 hermetic-seal 
are constructed of 


new model 
feed-through 
solid 
cast-epoxy resin. Having no internal 
voids to be filled with oil, they can be 
mounted in any position. Internal 


bushings 


stress-control structure 


reportedly 


gives uniform field distribution over 


the epoxy surface and makes the 
model M-1003 capable of corona-free 
operation at 40 kv, with peak pulse 
operating level of more than 70 ky 
for air-to-oil, or 140 kv oil-to-oil, 
operation. Flashover is 65 kv positive 
d-c. Epoxy construction also contrib- 
utes a thermal-shock resistance range 
from —60 to +175°F. Over-all 
length is 5’; weight is 16 oz. Com- 
ponents for Research Inc., 979 Com- 
mercial St., Palo Alto, Calif. 
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insulating and Sealing Grommet 


The new “ARco” sealing grommet 


PHENOLIC STANDARD 
POLYESTER 


INSULATION WITH 
HIGHEST TRACK 
—RESISTANCE* 


Haysite insulates 2000 times better than 
standard phenolics under contaminated industrial 
conditions. Self extinguishing and tough, these reinforced 
fiber glass alumina polyesters are available as a premix 
or a laminate. Priced competitively, Haysite offers tested 
proof of fault protection. Other Haysite laminates and 
premix moldings are available to meet specific application 
requirements. For all the facts, write for Technical 
HAT eTE Bulletin 136AT for premix or 134 ETR-FR on laminates. 


REINFORCED PLASTICS DIVISION 


HAYS MANUFACTURING COMPANY 


B15 WEST 12TH STREET e ERIE, PENNSYLVANIA 
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is a cellular sponge plastisol which 
can be molded to suit any required 


situation, in any size. shape, or dimen- 
sion. Its design, with spring steel re- 
taining tabs, is said to insure positive 
seal between grommet membrane and 
sheet metal. It reportedly does not de- 
teriorate in heat or cold and lends 
itself to any specified shape for in- 
sulation around wires, conduit tubes, 
or cable. Corrosion and electrical in- 
sulation properties are claimed. It is 
also stated to be non-absorbative and 
to prevent chafing, cutting, shorting. 
and rattling. Readily removed and 
replaced, it provides protection for 
ragged edges of holes. Available in 
various elastomeric insulating mate- 
rials. Automotive Rubber Co., 12550 
Beech Rd., Detroit 39. 
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PLANT 


MANAGER 


Wire Manufacturing 
Facility 


@ A subsidiary of a major 
electronics organization is 
seeking an experienced pro- 
duction executive who can as- 
sume complete plant manage- 
ment responsibility of an ex- 
trusion mill producing elec- 
tronic and electrical wire and 
cable. Broad experience in a 
similar operation is required. 


M@ The successful applicant 
will be rewarded by a sub- 
stantial salary, appropriate 
management incentives and 
an unlimited future with one 
of the fastest growing com- 
panies in industry today. 


Box IM 1296, 125 West 41 Street, NY 36 


LLL LLL LLL LLL LLL LLL LLL, 
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Uniform Epoxy Coating of Components 


A new technique is stated to allow 
a uniform coating of epoxy insula- 
tion, free from pin-holes, to be applied 
to rotor and stator stacks with skewed 
or straight slots, transformer cores, 
condensers, and other components 
used in the electronic field. The coat- 
ings are said to be hard, glossy, mois- 
ture-resistant, and resistant to cut- 
through. Complete edge coverage, 
coating thickness as low as .003”, 
dielectric strength at 25°C of 15,500 
v a-c instantaneously applied to a 
10 mil coating, and ability to with- 
stand 170°C for 1000 hrs are claimed. 
Spatco Mfg. Co. Inc., 45-31 Davis St., 
Long Island City 1, N.Y. 
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Fluorocarbon Film Cementable 
With Common Adhesives 


One side of a new Teflon FEP- 
fluorocarbon film is cementable with 
common adhesives. Prior to develop- 
ment of the new film, the only way 
to provide a surface receptive to ad- 
hesives was by a patented treatment 
with alkali metals in organic media. 
The only other method of laminating 
it to another material was by heat- 
sealing or heat-bonding, which ruled 
out use of all substrates sensitive to 
extreme heat. Development work to 
date indicates that the new film type 
can be anchored with many standard 
adhesives to a variety of materials. It 
may also be used, without adhesives, 
to provide a printable or “pottable” 
surface on spiral-wrapped, heat-sealed 
jacketing for wire and cable. The 
Teflon FEP-fiuorocarbon film shares 
all the properties of the older TFE- 
fluorocarbon films at temperatures up 
to 400°F. In addition, the film is 
stated to be heat-sealable and _ heat- 
bondable to itself and many other 
materials. E. I. du Pont de Nemours 
& Co. Inc., Film Dept., Wilmington, 
Del. 
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Liquid Epoxy Casting System 


A new, two-component, liquid 
epoxy casting system for insulating 
high performance electrical-electronic 
equipment was developed to meet the 
requirements of MIL-I-16923C, Types 
B, C, and D. It is said to be outstand- 


ing in its balanced electrical, thermal, 


and physical properties. Bulletin 
E-291 available. Electrical Insulation 
Div., Hysol Corp., Olean, N.Y. 
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High-Strength, Solvent-Free, 
Contact-Pressure Epoxy Adhesive 


“Maraset”’ resin 533A is a two-com- 
ponent, contact-pressure epoxy ad- 
hesive that can be cured at room 
temperature to provide high bond 
strength. The resin is furnished as a 
solvent-free, non-volatile, _medium- 
thick paste with a 2-hr pot life. It 
meets MIL-A-8623, Type II, specifi- 
cation for the aircraft industry. The 
new adhesive can be used to bond 
metals, wood, glass, rubber, and plas- 
tics. It is said to have demonstrated 
ability to create a durable bond that 
will not delaminate even under heavy 
duty. Properties listed include low 
shrinkage, resistance to mechanical 
and thermal shock, high creep resist- 
ance under constant stress, low mois- 
ture absorption, and good resistance 
to water, chemicals, oils, solvents. and 
aromatic fuels. Marblette Corp.. 37-31 
Thirtieth St., Long Island City 1. 
INGY:: 
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Extruded Polycarbonate Tubing, 
Strips, Small Rods, and Profiles 


Polycarbonate tubing is now heing 
extruded from “Lexan” material in 
diameters over 1” and with wall thick- 
nesses over .100”. Tubing diameters 
which can be ordered range from 
040” to 144” and wall thicknesses 
from .015” to .125”. In addition, 
strips, small rods, and profiles can 
also be extruded. Anchor Plastics Co. 
Inc., 36-36 36th St., Long Island City 
6, NY: 


Print No. Ins. 126 on Reader Service Card 


Ovens for Accelerated Aging 


Mechanical convection, horizontal 
airflow aging ovens with saturable 
power reactor control and_ built-in 
range-lock overtemperature _ protec- 
tion are said to be ideal for acceler- 
ated aging at controlled temperatures 
of rubber, plastics, insulations, yar- 
nishes, etc. Temperature range is 
35°C to 180°C. Straight-line control 
is derived from a control system with- 
out contacts, switches, moving parts. 
or auxiliary mechanisms to wear, 


burn, or arc. Four standard sizes 
available with ID’s from 14” & 14” 
x 14” to 38” & 20” « 25”. Remov- 
able sample racks permit use as a 
standard utility mechanical convec- 
tion oven. Simultaneous suspension of 
49, 110, 168, or 240 samples are 
possible. Bulletin 1960 available. Blue 
M Electric Co., 138th and Chatham 
St., Blue Island, Ii. 
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Multirange Instruments 


Typical specifications claimed for 
Unigor 3 measuring instrument are 
25,000 ohms per volt d-c and 2,000 
ohms per volt a-c, maintaining the 
high accuracies of 1.0% on d-c and 
1.5% a-c; current measurements of 
100 microamps to 5 amps d-c and 


500 microamps to 5 amps a-c; voltage 
measurements of 100 millivolts to 
5,000 volts d-c and 500 millivolts to 
5,000 volts a-c; resistances up to 50 
megohms; capacitance from 100 mi- 
cromicrofarad; full automatic over- 
load protections; 48 ranges in all, 
including output from —34 db to 
+56 db. All Unigor instruments 
are priced at $98.50 fob Hemp- 
stead. Physics Research Laboratories, 


Hempstead, N. Y. 
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LOGICAL 
SOURCE 
FOR 
EXTREME 
TEMPERATURE 


(-170° F. to 600° F.) 


SILICONE and 
FLUOROCARBON 
PRODUCTS 


Product Engineering! Tooling! 
Precision Production! Moxness 
offers a complete ONE-STOP 
service for solving extreme 
temperature problems. Let us work 
with you at the planning stage. 
| Write for the Moxness story today ! 


MOLDING 


Mass production of precision parts ranging 
from phase lead insulating caps of silicone 
rubber (shown at far left designed for room 
temperature vulcanizing) to switch parts of 
mineral-filled silicone resin (lower right, 
designed to retain dimensional stability at 
temperatures of 2000° F.) calls for precision 
production techniques gained only through 
experience. 


RUBBER 


BONDING 


Environment proof limit switches (like this 
one for airborne equipment) call for com- 
pletely sealed construction. These seals 
(shown in red) are silicone rubber bonded to 
metal by Moxness . . . evidence of Moxness 


ability to handle the most exacting require- 
ments in this specialized field. 


| EXTRUDING 


Large, small, simple or complex . . . here 
are samples of the wide range of quality 
silicone rubber extrusions you can expect 
from Moxness. Special equipment and an 
exclusive process developed by Moxness 
also assures you of paying less for preci- 
sion extrusions when you order from 
| Moxness. 


TAPES 


The coil shown here is being insulated with 
NEW Guide Line Triangular MOX-TAPE 
which provides homogeneous void-free in- 
sulation for motors (class H and B) witha 
single wrap. Mox-Tape fuses to itself . . - 
eliminates messy pastes or adhesives. Cuts 
taping time 50 to 60%. 


*DU PONT VITON, TEFLON; 
3M KEL-F 


MOXNESS PRODUCTS, INC. 
1915 Indiana St., Racine, Wis. 


Subs. Nat'l. Rivet and Mfg. Co. \ 


N a5 lectricat Insulation Conference 
WIS TE BOOTH NO. Dec. 5 - 8, Hilton Hotel, Chicago 
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MFG 


combines these features: 
e high dielectric strength 
e low power factor 


e high arc resistance 


e formability in 
complex shapes 

Add to these the excellent heat 
resistance, low moisture absorp- 
tion and excellent moldability of 
MFG reinforced pkastic—and you 
get better performance at signif- 
icantly low cost! 


Moided 
Fiber 
Glass 
Company 


4307 Benefit Avenue, Ashtabula, Ohio 


AUTOMATIC 
HI-POT TESTER 


Model A 


GREATEST Naq> 


FAST, ACCURATE, DIELECTRIC TEST- 
ING For MULTI-CONDUCTOR DEVICES 


DESCRIPTION: The function of this instrument 
is to apply in programmed sequence a known 
voltage between the various conductors under 
test for a specific period of time and to indi- 
cate breakdowns when and where they occur. 
SPECIFICATIONS 


MOST WOlFaGe! <ccictevs cicis eres 0-2000 Volts RMS 
Test Time rats vyreisiens crs ».+.2*120 seconds 
Number of Test Terminals. ..11 


Also available Model B 
Tests 10 circuits simultaneously 


Write for Catalogs 


Reps in Principal Cities 


INDUSTRIAL TEST EQUIPMENT CO. 


55 E. 11th ST. - NEW YORK 3 - GR. 3-4684) 
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New Literature 


All catalogs, bulletins,, and other 
literature or sample cards described 
are available free of charge. To ob- 
tain your free coptes, just print the 
item number on the Reader Service 
Card on the back cover. Fill out and 
mail the card—no postage is required. 
Insulation immediately forwards your 
requests to the companies concerned 
so that literature can be sent to you 
promptly. 


Epoxy Resin Data Sheet and 
Application Brochure 


New brochure describes and illus- 
trates the six steps in a “brush-on” 
method of encapsulating stators with 
a thixotropic liquid epoxy. The data 
sheet lists electrical and other proper- 
ties of the resin and also discusses 
application. 4 pages. John C. Dolph 
Co., Monmouth Junction, N.J. 
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Bulletin and Sample of Flexible 
Plastic Coated Fiber Glass Sleeving 


New bulletin describes a flexible 
class B sleeving with a fiber glass 
base and a plastic coating. Electrical 
and thermal properties and other 
characteristics and specifications are 
given, and a sample is included. 4 
pages. L. Frank Markel & Sons, P. O. 


Box 752, Norristown, Pa. 
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Brochure on Encapsulating 
Stators with Silicone Rubber 


Illustrated bulletin CDS-254. lists 
the advantages of a RTV (room tem- 
perature vulcanizing) silicone rubber 
system and describes in detail a no- 
mold method of stator encapsulation 
for motors subjected to rigorous op- 
erating conditions. It outlines the 
method of encapsulation and prepara- 
tion of materials and equipment. 4 
pages. General Electric Co., Silicone 


Products Dept., Waterford, N.Y. 
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Bulletin on Nylon 
Cable Ties and Straps 


Nylon cable ties and straps for 
securing and identifying wiring bun- 
dles are described in new bulletin 


TR3. This bulletin shows applications : 
using Ty-Rap cable ties and straps, | 
lists the complete line, and gives in- 
stallation instructions. 4 pages. The} 
Thomas & Betts Co., 36 Butler St., 
Elizabeth, N.J. 
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Booklet on Epoxy Impregnation 


A new booklet discusses epoxy im- | 
pregnating resin and its advantages. 
The equipment and refinements neces- |) 
sary to process it and methods of ap- | : 
plication are covered. 4 pages. J. P. 
Devine Mfg. Co., 49th St. & A.V.R.R.. 
Pittsburgh, Pa. i) 
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Comparison Chart of 
Insulating Materials Properties 


A quick informational reference for |) 
engineers in search of high-tempera 
ture insulation materials for elec- 
trical, electronic, avionic, and nuclea: 
applications, the revised Compara 
Chart details the commonly-used plas- 
tic and ceramic insulating materials, 
including some ceramoplastics and 
glass-bonded mica. The leaflet also 
lists Fahrenheit temperature limits |} 
for 88 materials and contains a table 
of thermal expansion coefficients of 
57 widely used insert metals and in- 
sulating materials. 4 pages. Mycalex 
Corp. of America, 125 Clifton Blvd., 
Clifton, N.J. 
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Adhesives Selector Chart 


New selector chart shows the out- 
standing properties of several ad- 
hesives and hardeners and their ten- 
sile shear strengths at different tem- 
peratures and in several fuels. Also, 
the operating temperature range, 
Izod impact, coefficient of thermal 
expansion, and numerous other cri- 
teria are indicated. Adhesives De- 


partment, Hysol Corp., Olean, N.Y. 
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Urethane Foam Fact File 
And Progress Report 


New brochure serves as a pictorial 
progress report and as a designer’s 
fact file on industrial and commercial 


American- |) @ BOOSTS PRODUCTION 
Marietta’s 


OVER 420% 
lle 


Greater product uniformity... better 
part performance...70% /ess labor-with 
American-Marietta’s new EMC epoxy 
compounds, says leading magnetic 
component manufacturer. 


Previous methods involved costly hand application of layers of resin 
material. New EMC transfer molding process guarantees a moisture- 
proof, uniform high density epoxy package. New product appearance is 
graphically compared by EMC molded part shown at center right with 
former version. 


Again EMC clearly proves its superiority under rigid MIL Spec 
test requirements. Improved resistance to moisture and tem- 
perature cycling as well as standardized part size and shape 
are some of the important reasons why Pulse Engineering of 
Santa Clara, California, switched to EMC transfer molding. 
As a result, output of miniature pulse transformers jumped 
from 130 to 550 parts per worker per shift, a gain of over 
420%, relates Hugh B. Fleming, Pulse President, who intends 
further expansion utilizing the versatile, reliable properties of 
EMC. 


Unique, Versatile Plastic Materials for advanced 
Design and Product Development 


EMC Epoxy Molding Compounds are available with built-in 
mold release and optional non-burning properties in a wide 
choice of fillers, colors and reinforcements readily adaptable 
to your production requirements. 


Single component dry granular systems, they offer an excep- 
tional balance of electrical, chemical and physical properties. 
Long range research and extensive military and industrial 
evaluation continue to demonstrate the reliability and design 
compatability of American-Marietta’s new EMC systems. 


© Low pressure transfer and @ One component dry granular 
compression molding system 

e@ Self-releasing @ Outstanding balance of 
No outgassing properties 


® Low moisture absorption 


Like to see how EMC can play an important part in your next 
project? Write the nearest American-Marietta Technical-Sales 
office listed below citing your applications. 


AMERICAN-MARIETTA COMPANY 


Adhesive, Resin and Chemical Division 


3400 13th Avenue S.W. 
Seattle 4, Washington 


42 South Third Street 
Newark, Ohio 
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applications for urethane foams. Prop- ff 
erty and performance data relating }} 
to such fields of use as insulation, mis- | 
sile components, void-filling and pot- jf 
ting compounds, are well defined for 
practical reference at the material 
specifying level. 26 pages. Mobay | 
Chemical Co., Penn Lincoln Parkway | 
West, Pittsburgh 5, Pa. 
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BIDDLE ELECTRICAL 
TESTING EQUIPMENT 


DIELECTRIC TEST EQUIPMENT 


40 KV Model, illustrated, is a one-man portable set 
for maintenance d-c tests. 


Equipment is compact and mobile. Maximum 
provisions have been made for safety. Opera- 
tion is simple and performance is reliable. You 
get excellent output voltage regulation with 


Bulletin on Arc Resistant, Flame 
Retardant Glass-Polyester 


New bulletin 6025 describes a spe- 


facilities for voltage and leakage current meas- 
urements. In addition to the 40 KV set illus- 
trated, two other models are available, one for 
operation up to 100 KV and one for operation 
to 5 KV. These have important uses for devel- 
opment work to test d-c dielectric strength of 
insulating materials and adequacy of design of 
insulation in equipment; also in production 
tests for non-destructively detecting defects in | 
electrical insulation. | WRITE FOR BULLETIN 22-IS and 
flame retardance are covered. 4 pages. 


Federal Pacific Electric Co., 50 Paris 
t., Newark 1, N.J. 
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cial formulation of polyester resins |p 
reinforced with glass and inorganic 
materials which can be laminated, 
cast, or molded. Properties and wide 
variety of applications are illustrated 
discussed. Arc resistance and 


CORONA TEST EQUIPMENT 


. for tests on electrical insulating materials, 
individual insulation structures and insula- 
tion of electrical equipment like cables, trans- 
formers, switchgear, rotating machinery, 
capacitors, bushings and communication 
apparatus... for measuring corona start- 
ing and extinction voltage, apparent corona 
charge, relative corona current. 


Sticking Compounds Data Sheet 


New information sheet describes 
| two sticking compounds, MC-715 and 
MC-738, for holding down the ends 


Your inquiries for special applications are of paper, tape, or wire during the 
invited. A wealth of knowledge on Corona “ es i P i ees 
Testing will be placed cheerfully at your winding of coils, and for cementing 


disposal. WRITE FOR BULLETIN 66-iS various materials together, such as 


cotton, linen, glass, varnished tape, 


and laminated plastics. 1 page. John 
C. Dolph Co., Monmouth Junction, 


SIX-VOLTAGE MEGGER® | NJ. 
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Rectifier-Operated from any 115 v, 60 cps Circuit 
Single Range, 10,000 megohms at 500 e 750 e 


Plastic Conduit Catalog 


1000 ¢ 1500 e 2000 e 2500 volts d-c 


Completely self-contained, one-man operated 
Megger Instrument designed to meet the grow- 
ing needs for multi-voltage insulation tests. 
The new Six-Voltage Megger Insulation Tester 
is animportant addition to the standard Megger 
Instruments available with up to 3 voltages: 
the Rectifier-Operated, Single-Voltage model 
with a range up to 200,000 megohms at 10,000 
volts d-c, and the Rectifier- Operated, Triple- 


New catalog EC-66 of plastic con- 
duit material for industrial, commer- 
cial and municipal power distribution 


presents full engineering details on 
the application, installation perform- 
ance tests, and properties of a line of 
plastic conduit and fittings. 24 pages. 


Voltage model with a range of up to 100,000 
megohms at 5000 volts and 1000 and 2500 volt 
intermediate ranges. Complete details on the 
complete Biddle line of Megger Instruments are 
available on request. WRITE FOR BULLETIN 21-20-IS 


| VISIT BIDDLE BOOTH #56— 
_ NATIONAL CONFERENCE on the | 
_ eudbetenatees | OF ELECTRICAL L INSULATION 


“Conrad Hi 


‘JAMES G. BIDDLE CO. 


Electrical Testing Instruments ¢ Speed Measuring Instruments 
Laboratory & Scientific Equipment | 


1316 ARCH STREET, PHILADELPHIA 7; PA. | 


INSTRUMENTS 
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Carlon Products Corp., P.O. Box 133. 
Aurora, Ohio. 
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Bulletin on Machining of 
Laminated Plastics 


Handy reference sheet lists recom- 
mended speeds and feeds for circular 
sawing, band sawing, turning and 
boring, threading, automatic screw 
machines, drilling, milling, gear cut- 
ting, punching, and special considera- 
tions for glass base grade of laminated 
plastic. Tool sizes and cutter types are 
listed. 24 pages. Franklin Fibre- 
Lamitex Corp., 129 Lafayette St., 
New York 13. 
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Radiation News 


New monthly newsletter, “Radia- 
tion Review,” will be directed to 
users of high voltage particle accelera- 
tors for research and electron ac- 
celerators for industrial processing. 
It will be sent without charge on re- 
quest. Dept. RR-1, Radiation Dy- 
namics Inc., Westbury, L.I., New 
Mork. 
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Catalog/Manual on Plastics, 
Wire and Cable, Tapes 


New plastics catalog contains tech- 
nical information for machining, 
forming, and _ processing _ plastics. 
Specific information on dielectric in- 
-sulation, tensile strengths, hardness, 
deformation, moisture and water re- 
sistance, linear expansion and con- 
traction characteristics is given. 
Molding methods for fiber glass filled 
molding powders and epoxy fluidizer 
coatings are described. Pressure-tem- 
perature selection charts, engineering 
facts, and machining and forming 
instructions for rods, tubes, sheets, 
film, shapes, gaskets, and laminated 
plastics are included. The catalog 
also carries information on antifric- 
tion coatings, insulated wire and 


BORTHIG K-3833, One varnish suitable for Class A, 


B and F applications. A new polyester modified 

insulating varnish. Motorette test shows more than 
30,000-hour life expectancy for Class F temperature operation. 
Approved for type M, grade CB, MIL-V-1137A. 


455 


BORTHIG K-252, years of field experience have established 
the reliability of this Class B modern type, heat-reactive baking 


varnish. Motorette test shows 30,000-hour life expectancy. 
Approved for type M, grade CB, MIL-V-1137A. 


BORTHIG K-3829 EPOXY BAKING VARNISH 

is a thermo-setting varnish which requires no activator and cures 
entirely by heat induced polymerization. Laboratory tests 

and field experiences show K-3829 to have higher values for wet 
and dry dielectric plus excellent bonding strength 

and corrosion resistance at higher temperatures (up to 165° C). 
It is recommended to meet the toughest conditions 

of operations. Motorette testing shows 30,000 hour-life 

at Class F temperatures (155° C). 


Also look to Borthig for the latest in EPOXY RESIN 
COMPOUNDS for the incapsulation of QE 
electric motors, transformers and electronic units. ASSOCIATE 


cable, industrial electrical tapes, and ate cane MEMBER 
Spas: ur laboratory will be pleased to cooperate jyewper 
pager. 210. pages. RK (2s in any of your insulating problems. _N.E.M.A. 


Hughes Co. Inc., 4515 Alger St., Los VEE 
Angeles 39. 
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GEORGE C. BORTHIG CO., INC. 


Data Sheet on Line of High Voltage SUBSIDIARY OF STANDARD TOCH INDUSTRIES, INC. 


Metalized Ceramic Terminals 


Technical data bulletin M-102 de- 


scribes and lists specifications for the 
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new L-series line of standard high 
| voltage metalized ceramic terminals. 
The bulletin illustrates 4 basic type 
terminals and 26 different sizes ‘| 


tries Inc.. 338 Hudson St., Hacken- 
sack, N.J. 
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| offered. 2 pages. Metalizing Indus- 
| 


Catalog Sheet of Wiring Tools 
And Fastening Devices 


THE DIELECTRIC OF THE I a New 1960 “Hi” catalog covers 


| many electrical wiring tools and 


% trademark DuPont “TEFLON gat : fastening devices, including plastic 


tetrafluoroethylene res 


wire connectors, connector wrench, 


UNLIMITED fish tape winder, wire strippers, and 
conduit straps. 8 pages. Holub Indus- 
beard ALLER! | tries Inc., 403 DeKalb Ave., Syca- 
FOR MOTOR pon more, Ill. 


P INSULATION! High Dielectric Strength 

Zero Void Content 

Complete Freedom From Stresses 
Uniform Physical Dimensions Data Sheet on Leadout 
Chemical Inertness ii | Index Insulator Coil 


High Heat Resistance a | 
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CAST TEFLON TAPE 


eee eee 


Conforms to Mil Spec: Mil - P — 


22241. From .001” to .004” thick | A new leadout index insulator coil 
— %"' to 12’ wide. Bondable Sur- - 


grec 2 ane: Ceiraene ree seas | is described in a new data sheet. The 


NEW FULL DETAIL CATALOGUE AVAILABLE. coil is manufactured without using 
WRITE ON YOUR PROFESSIONAL LETTERHEAD. | 


| molds. Specifications and temperature 

__ = 0 i L ( CT eR | u {0 R [9 wv fe A T L 0 | ranges of the material employed in 

Allen B'lvd. & Grand Ave. « Farmingdale, L. I., | the construction of the coil are fully 

PIONEERS IN THE DEVELOPMENT OF CAST TEFLON IE | described. 1 page. Tur-Bo Jet Prod- 
| 
| 
| 
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COLUM BIA FIBER GLASS TAPES Print No, Ins. 217 on Reader Service Card 
ry r) Bulletin on Black Light Inspection 
Cl 1@ For Potting Non-Uniformity, Circuit Flux 


Black light inspection for detecting 
residual flux on printed circuit 
boards, non-uniformity of potting 
La compounds, fungicidal varnish and 
EVERY (K Z _ lacquer coatings, plastic particles in 

d servo and gyro mechanisms, fluori- 
ELECTRICAL an | nated hydrocarbons on wiring har- 


ELECTRONIC nesses, invisible inks for quality con- 
APPLICATION 


_ trol coding, ete., is described in de- 
tail in a new bulletin, catalog LGO- 
| 960. Specifications for a black light 


With the industry constantly calling for better, 
more dependable insulation, the need for 
Columbia Fiber Glass Tape has increased many 
fold in the last few years. Columbia continuous 


filament Fiber Glass Tapes are specified and used 

COLUMBIA in tiny electronic coils, huge turbo-generators 
TAPE MILLS INC and even guided missiles. 

J te To meet the vast majority of requirements, the 

standard line of Columbia Fiber Glass Tapes in- 

EAST GREENVILLE, cludes more than 35 sizes and dielectric factors. 


PENNSYLVANIA Columbia meets more than 95% of all applica- 
tions requiring this type of Fiber Glass Tape. 


Agents and Distjihuiors in fey US Gilles Verify these facts with your research department 
COI TAPER ee ree castes ... send for test samples today! 


lamp are given and pricing informa- 


tion is listed for formulatéd fluores- 


oe Tae SER 
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cent dyes and additives for various 
applications and the color which each 
fluoresces. 4 pages. Ultra- Violet Prod- 


ucts Inc., San Gabriel, Calif. 
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Manual on Techniques For Mounting 
Tubing, Wiring, and Other Hardware 


Illustrated engineering design man- 
ual (bulletin 212 G) offers a compiled 
listing of materials and specifications, 
recommended applications, and the 
latest technique for mounting tubing, 
wiring, and similar hardware. It also 
includes a description of a complete 
line of clamps, brackets, shims. and 
line supports for almost any applica- 
tion. 76 pages. TA Mfg. Co., Engi- 
neering Dept., 4607 Alger St., Los 
Angeles 39. 
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Brochure on Armature Soldering 


New brochure discusses various 
methods utilized in the soldering of 
armature leads. Insulation stripping 
chemicals and fluxes formulated to 
provide faster, more economical, and 
efficient stripping of armature leads 


are listed. 5 pages. London Chemical 
Co., Inc., 1535 N. 3lst Ave., Melrose 
Park, III. 
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Bulletin on Automatic 
Armature Winder 


New illustrated bulletin 605-AL de- 
scribes a new automatic armature 
winder (with automatic commutator 
hook-up feature). Complete informa- 


tion on winding speed, flexibility fea- 
tures, and details of operating cost 
savings are given. Possis Machine 
Corp., 825 Rhode Island Ave., Minne- 
apolis 26, Minn. 
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GUDELACE @ 


TAKES THE 
SLIPS & “& 
OUT OF i 
LACING ay 


Try this simple test. Tie a piece of Gudelace around a pencil in a half hitch and pull 
one end. Gudelace’s flat, nonskid surface grips the pencil—no need for an extra finger 
to hold Gudelace in place while the knot is tied! 


Gudelace makes lacing easier and faster, with no cut insulation, or fingers—no slips 
or rejects—and that’s real economy. Gudelace is the original flat lacing tape. It’s 
engineered to sfay flat, distributing stress evenly over a wide area. The unique nonskid 
surface eliminates the too-tight pull that causes strangulation and cold flow. Gudelace 
is made of sturdy nylon mesh, combined with special microcrystalline wax, for out- 
standing strength, toughness, and stability. 


Write for a free sample and test it yourself. See how Gudelace takes the slips—and 
the problems—out of lacing. 


GUDEBROD 


Electronic Division 
225 West 34th Street ® @ 
New York 1, N.Y. 


BROS. SILK CO., INC. 


Executive Offices 
12 South 12th Street 
Philadelphia 7, Pa. 
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solve WIRE-STRIPPING. PRoBLeMs 


with NEW GLO-MELT \NIRE STRIPPER 


FAST, FLEXIBLE AND ECONOMICAL 
REMOVAL OF ALL PLASTIC 
INSULATED WIRE 


Wire stripping problems fade away with a 
Wassco Glo-Melt wire stripper. This new tool 
is a cool, light, highly flexible hand piece with 
a single, heavy duty Nichrome cutting ele- 
ment for long life. It can be used for on the 
job applications or for bench work with 
optional foot control. The Wassco Glo-Melt 
wire stripper gives you a cleaner, faster job 

. is perfect for hard-to-get-at places . . . 
strips insulation including Teflon, Nylon and 
fiberglass up to No. 8 insulated wire with a 
simple twist of the wrist. No sharpening or 
adjusting,—just plug in and you are ready 
instantly to do a perfect stripping job with 
speed and ease. Inquire about our 10 day 


e CUTS REJECTIONS 


free trial. 


ckeaco) GLOMEIT DIVISION 
AMERICAN ELECTRICAL HEATER COMPANY 


DETROIT 2, MICHIGAN 
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— BTextolite 
COPPER CLAD 
: LAMINATES 


Engineered cleanliness 


nsures surface reliability 


tor use in computer and 
ilitary printed circuitry 


G-E Textolite Copper-Clad Laminates are designed to meet or surpass 
stringent computer and military requirements. To do this, and assure 
superior performance with maximum circuit reliability and minimum re- 
jects, engineered cleanliness is maintained in the entire production process. 


All G-E Textolite Copper-Clad Laminates are produced in the sterile 
atmosphere of the room pictured at left. Washed, filtered, conditioned 
air eliminates dust and dirt. Special cleaning techniques for copper and 
press pans assure a smooth continuous surface. Pits, dents, pinholes and 
scratches are virtually eliminated. And the G-E engineered cleaning 
process just before inspection completes the job. 


Try these outstanding General Electric Textolite grades: 
#11574—-NEMA FR3—Self extinguishing epoxy paper 
#11571—_NEMA XX XPC—Highest IR phenolic paper 
#11559—-NEMA G-11—Self extinguishing epoxy glass 
#11558—_NEMA G-10—Best machining epoxy glass 

Write for samples to: Laminated Products Department, Section I-120 

General Electric Company, Coshocton, Ohio. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


COSHOCTON, OHIO 


COMMUNICATIONS ELECTRONICS 


MILITARY 
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ey 


‘BENTLEY-HARRIS er 


BH ACRYL-A 


(Grade B-A-1::7000 volts minimum average) 


BH ACRYL-C 


(Grade B-C-1::2500 volts minimum average) 


COMPATIBILITY UNLIMITED 


Compatible with all known wire enamels (polyester, epoxy, 
formvar, etc.). Accelerated heat aging has disclosed no effect 
on commercially available magnet wire at temperatures 
ranging from 180°C — 280°C. 


SUPERIOR HEAT LIFE 


10,000 hours, 155°C 
50,000 hours, 130°C 


based on accelerated heat aging tests — end point: \% of 
rated dielectric breakdown (ASTM D350) 


UNEQUALED FLEXIBILITY 


At last a resin-coated sleeving as flexible as Vinyl-glass and 
at comparable prices. 


BENTLEY-HARRIS MANUFACTURING CO. 

BH FIRSTS 1200 BARCLAY STREET CONSHOHOCKEN 6, PA. 

Use of fiberglass Telephone: TAylor 8-7600 A SUBSIDIARY OF RAYCHEM 
E 
oO 


Heat-treated fiberglass 
Silicone rubber coatings 
Continuous 


Vinyl-coated fiberglass 
xtrusion coated fiberglass 
elocionicinenechon See these and other superior sleevings at Booth 73, 
Sat tbeocuie the Insulation Conference in Chicago 


Samples and Data Sheet Available on Request 
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